
160 DISCUSSION ON AVERAGE ANNUAL RAINFALL. [Minutes of 

Mr. B i d e .  of England.  The  figures in  the Paper for the  United Kmgdom, 
Tables  VI11  and X, were 78 per cent., and Mr. Symons  would 
agree with  him  that 78 or 80 per cent. was much more trustworthy 
than 83 or 84 per cent. The Tables,  therefore,  gave  two  important 
factors differing little from 80 per cent. of the  mean;  the  average 
of the  three  dry years, and  the  average  fall of long  periods of 
drought. He consequently thought it was one of those safe factors 
that  engineers would find of great use in making calculations, or 
rather  knocking off the necessary  discounts from the  average 
rainfall. He would  end, as  he  began, by  saying  that  the  Paper 
was  not  a  paper of averages.  Averages  were largely used in  the 
Paper, but  they were  used to show  how  unreliable an average was, 
and how  careful  engineers  should be, especially  when the  annual 
rainfall was less than 20 inches, in drawing conclusions  from 
anything  like an average;  but  the  amount of probable error, in 
his opinion,  had  been roughly ascertained. And  when  these errors 
were  found to  have  a,rranged  themselves in a  fairly even  curve, as 
in  the  diagram Fig. 1, and  the  extreme  fluctuations in Tables X 
and XI to  fall  within so small  a  percentage of each other, he 
ventured still to  think,  notwithst,anding Mr. Blanford’s  remarks, 
that  there  existed  indications of a  general  law  that could be  
accepted as  a  fair  working hypothesis. 

Correspondence. 
Mr.Backhouse. Mr. T. W. BACKHOUSE looked upon the Author’s mode of Itreat- 

nlent of average  rainfall,  and  his  conclusions,  as  on  the  whole 
satisfactory  and  convincing,  though the dealing with  the averages 
might be capable of improvement,  as  the  Paper  did  not profess to 
be a final disposal of the  matter. If  rainfall were  subject to a 
long periodicity, the mode of treatment adopted would not 
altogether  avoid  errors  caused by such  a periodicity;  andiif  the 
periodicity  were  very long, say over seventy years, this  treatment 
would  not  avoid  them at all. Of course there  might  not be any 
such periodicity, and  then no errors  would  arise from that cause. 
What was  here called “ probable  error ” would be greater than  the 
real probable  error of the  average of a series of years  taken a t  
random, if the series of years in which  observations  had  been 
taken were  infinite ; and was,  probably, greater  t,hough  the  seriis 
was  finite,  unless in those cases where  the whole series was not 
greatly  longer  than  the  portion for which  the  “probable  error ” 

was  obtained. Thus in  the  last column of Table V, where  thirty- 
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five  years  out of fifty  were used, the  true probable  error of the Mr.Backhouse. 
average  obtained might  easily be greater  than  that found in  this 
way. For, on the whole, the  longer  the period taken for average, 
and  the  shorter  the whole  period whose  mean was used, i.e., the 
nearer  these  were  to  equality,  the less (generally  speaking)  would 
be what was called the  “probable error,” as calculated in 
Tables 111, IV, &c. I n  Table 11, column 20, it was  not strictly 
correct to  give  the  variation  as  from “ minus 0.0 to plus 2 5 ; ” i t  
should really be  from “ plus 2 * 1 to plus 2 * 5,” there  being  no  minus 
variation at  all  in  the column. How this  ought to be treated  in 
the  average was  not  easy to say. Similar  remarks  applied  to 
various other  instances in Tables IIE, IV, &c. Tables X and X I  
confirmed the view that  dry places  were subject to  greater fluctua- 
tions of rainfall  than  wet ones, but he  thought  they showed 
that geographical  position  had more influence still.  The  result - 

of the whole inquiry demonstrated  clearly that  the idea  worked 
out  in  his  Paper upon the geometrical mean,‘ that when  means 
were  treated  geometrically  instead of arithmetically,  deviations 
might  be expected to an equal  extent  plus  and minus,  was not 
strictly correct in  the case of the  rainfall.  Evidently, i f  the 
figures given  by  the  Author were treated geometrically, the 
deviations plus would be somewhat  smaller than those minus; 
while  he showed that,  arithmetically,  the reverse  was the case. 
To  get  equal  deviations on  each side of the mean, some  process 
between the  arithmetical  and  the geometrical treatment would  be 
necessary. The question arose whether  the conclusions  arrived at 
in  the Paper  were  independent of the  length of period  over  which 
observations extended? For instance,  whether  the figures 1.51, 
in  the  last  line of Table XI, represented the  wettest  year  that 
could occur in  the  ordinary course of events, there  being some 
meteorological  reason to  prevent  greater  rainfalls;  or  whether, 
if  a  longer period were used, it would  be found that heavier 
rainfalls  did  occur? All that  the  Paper showed on  this  point 
v a s  that  such  rainfalls need  not be expected in a period of eighty 
or ninety  years;  but  if  the supposition  on  which Mr. Backhouse 
based his  Paper  respecting  the  geometrical mean were correct, one 
would expect that,  the longer the period  considered, the  heavier 
would be the  rainfall of the  wettest year, and  that  there would be 
n o  limit,  only  that as the period  was  extended the increased rainfall 
in  the wettest  year  would be very  slight, SO that  practically  the 

~~ 
-~ . 

1 6‘ The Problem of Probable Error a8 applied t o  1\Ieteorology.” Quarterly 
Journal of the Royal Meteorological  Society, vol. mi i .  (1891), p. 87. 

[THE INST. C.E. VOL. CIX.] M 
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Mr.Bsckhouse. wettest year, even in a  very  long period, would not  greatly exceed 
the amount  obtained by  the Author. The collection of material 
that  he  had made  was so great  that it would be well to examine it 
with a view  to  elucidate  this  matter. It was possible, though 
hardly probable, for instance, that  the 1 75 which appeared in 
column 7 of Table XI, as the maximum for dry stations,  might be 
due to  such a cause. 

Mr.Hopkinson. Mr. JOHN HOPKINSON remarked that  in order to show  per- 
spicuously  the  fluctuations in  the  fall of rain from year  to year, 
in preparing  tables for an  investigation on water-supply,  he  had 
adopted the  plan  which  the  Author had  followed,  namely, that of 
giving  the  ratio of each year’s, or each winter’s, rainfall  to  the 
mean rainfall of the whole  period under consideration. In a 
Paper  relating to  water-supply,  he  had  given the  rainfall 
i n  Hertfordshire  and  the  ratio  to  the mean  considered as 100 
instead of unity, for fifty  winters, fifty summers, and  fifty  years 
ending  the  30th of September, 1890. With a  mean  rainfall, for 
this  half-century, of 26 * 20 inches, the mean winter  fall was 13 * 05 
inches, and 6he mean  summer fall 13  15 inches. As there was  one 
more day in  the six summer  months than  in  the  six  winter months, 
except in leap  year,  there was  scarcely an appreciable difference 
in  this period  between  the  average  amount of rain  per  day in 
winter  and in  summer, but  there was a great difference in other 
respects. The  rainfall of the  wettest  winter, 1872-73, was 59 
per cent. above the mean, that of the  wettest summer, 1879, 73 
per cent. above the mean, and  that of the  wettest  year, 1878-79, 
42 per cent. above the  mean;  the  rainfall of the  driest  winter, 
1879-80, was 53 per cent. below the mean, that of the  driest 
summer, 1844,  42 per cent. below the mean, and that of the  driest 
year, 1853-54, 30 per cent. below the  mean;  and  there were 
twenty winters,  twenty-six summers, and  twenty-three  years  with 
a  rainfall above the  mean; and thirty winters,  twenty-four 
summers, and  twenty-seven  years  with a rainfall below the mean. 
While,  therefore, the difference between the  rainfall of the  wettest 
and of the  driest  year was  only 72 per cent. of the mean, that 
between the  wettest  and  the  driest  winter was 112 per cent., and 
that between the  wettest  and  the  driest summer, 115 per cent., the 
summer’s and  the  winter’s  rainfall  diverging  from  the  mean more 
than  that of any year, owing chieffy to excessive rainfall  in  certain 
summers, and defective rainfall in certain  winters. This also was 

’ Transactions of the  Hertfordshire  Natural  History  Society  and  Field Club, 
vol.  vi. p. 139 (October, 1891). 
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the cause of the  greater  number of wet summers  and dry winters Mr.Hopkinson. 
than of wet  years  and dry years,  there  being  three more wet 
summers than  wet years, and three more dry  winters  than  dry 
years. And while  the mean rainfall of the  wettest  and  the  driest 
year was 6 per cent. above the mean for the whole period, that of 
the  wettest and the  driest summer  was as much as 155 per cent. 
above the mean, and  that of the  wettest  and  the  driest  winter was 
only 3 per cent. abore it, showing that  great  fluctuations  in  annual 
rainfall were chiefly due  to  very  wet  summers,  which  were  caused 
by thunderstorms.  These results, however,  were  deduced  from  a 
varying number of records, though consecutive and  all  ending on 
the  30th of September, 1890, commencing at  various  periods from 
fifty  to  twenty-five years before that  date;  and  although  the 
question of fluctuations in summer  and winter  rainfall was one of 
much interest  and  great  practical importance, it was  outside the 
scope of the Paper,  as it was  only on annual  rainfall.  This could 
scarcely be said of an  attempt  to show the  variations  which  might 
be introduced  into  the  fluctuations  to  which  annual  rainfall was 
subject  by  dividing  the  years at  some other period than  the middle 
of the  winter.  That division, although  generally  adopted in 
rainfall  investigations,  was an artificial, or a t  least  arbitrary one. 
A more natural  division  would be between  summer and  winter, or, 
still more so, between winter  and summer, and  he would  therefore 
offer a brief analysis, on the Author's  plan, of the  fluctuations  in 
the  rainfall  at Nash Mills, Hemel  Hempstead (the  station for 
which  there was the longest  record in  Hertfordshire),  during  the 
fifty-five years from April, 1836, to March, 1891 ; from October, 
1836, to  September, 1891; and from January, 1837, t o  December, 
1891 ; the  first of these divisions showing  the summer and  winter 
rainfall  together,  the second, the  winter  and summer rainfall 
together,  and the  third,  the  rainfall of each  calendar  year. The 
mean rainfall at  Nash  Mills during  the fifty-five years  ending  the 
31st of March, 1891 (i.e., summer and  winter),  was 27-01  inches; 
the  wettest  year was 1852-53, with 40.24 inches of rain,  ratio 
1-49 ,  or + 49 per  cent.;  the  driest  year was 1864-55, with 18.79 
inches, ratio 0.70, or - 30 per cent. ; the two  consecutive wettest 
years were 1881-82 and 1882-83, average  fall 34.43 inches, ratio 
1.27, or + 27 per cent. ; the two  consecutive  driest  years  were 
1863-64 and 1864-65, average  fall 21.00 inches, ratio 0.78, or 
- 22 per cent. ; the  three consecutive  wettest  years  were 1880-81 
t o  1882-83, average  fall 35-21  inches, ratio 1.30, or + 30 per 
cent.;  and  the  three Consecutive driest  years  were 1844-45 to  
1846-47, average fall 23.70 inches, ratio 0.87, or - 13 per cent. 

M 2  
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M:.Hopkinson. The  greatest  number of consecutive years, each of which  had a 
rainfall above the mean, was eight, 1875-76 to 1882-83, average 
fall 33.04 inches, ratio 1.22,  or + 22 per cent.;  the  greatest 
number,  each of which  had a fall below the mean,  was four, 1861- 
62 t o  1864-65, average  fall 22.60 inches, ratio 0.84, or - 16 per 
cent. The  rainfall was  above the mean in twenty-five years, or’ 
45g per cent., and below the mean in  thirty years, or 64b per cent. 
The mean rainfall  during  the fifty-five years  ending  the  30th of 
September, 1891 (i.e. winter and summer),  was 27-05  inches;  the 
wettest  year was 1878-79, with 39.71 inches of rain,  ratio 1.47, 
or + 47 per  cent.;  the  driest  year was 1863-64, with 1 7 - 6 6  inches, 
ratio 0.65,  or - 35 per cent. ; the two  consecutive wettest  years 
were 1877-78 and 1878-79, average fall 35.96 inches, ratio 1.33, 
or + 33 per  cent.;  the  two consecutive  driest  years  were 1853-54 
and 1854-55, average  fall 20.55 inches, ratio 0.76, or - 24 per 
cent.;  the  three consecutive wettest  years were 1876-77 to 1858- 
79, average  fall 33-45 inches, ratio 1.31, or + 31 per  cent.;  and 
the  three consecutive driest  years were 1863-64 to 186B-GG, 
average  fall 21 * 87 inches, ratio 0 * 80, or - l 1  per cent. The 
greatest  number of consecutive years, each of which  had a fall 
above the mean,  was four, 1875-76 to  1878-79, average  fall 34.47 
inches, ratio 1.27,  or + 27 per  cent.;  the  greatest number,  each of 
which  had a fall below the mean, was also four, 1843-44 to  1846- 
47, average fall 24.46  inches, ratio 0.90, or - 10 per cent. The 
rainfall was  above the mean in twenty-five years, or 45h per 
cent., and below the mean in  thirty years, or 545 per cent., as in 
the summer-and-winter record. The mean rainfall  during  the  fifty- 
five years  ending  the 31st of December, 1891, was 27.10 inches; 
the  wettest  year was 1852, with 41 . l 4  inches of rain,  ratio 1-52 ,  
or + 52 per  cent.;  the  driest  year was 18G4, with 1G.96 inches, 
ratio 0.67 ,  or - 33 per  cent.;  the  two consecutive  wettest years 
were 1852 and 1853, average  fall 34.80 inches, ratio 1-28,  or 
+ 28 per cent. ; the  two consecutive  driest  years  were 1863 and 
1864, average  fall 10.66 inches, ratio 0’73,  or - 27 per cent.;  the 
three consecutive wettest years  were 1880 to 1882, average  fall 
53. 66 inches, ratio 1.24,  or -i 24 per cent. ; and  the  three con- 
secutive  driest  years  were 1862 to 1864, average fall 22 * 25 inches, 
ratio 0.82,  or - 18 per cent. The  greatest  number of consecutive 
years, each of which had  a fall above the mean, was  nine, 1875 to  
1883, average  fall 3 2 . 2 2  inches, ratio 1-19 ,  or + 1 9  per cent.;  the 
greatest number,  each of which  had a fall below the mean, was 
six, 1842 to 1847, average  fall 25.12 inches, ratio 0.92, or - 8 per 
cent. The  rainfall was above the mean in  twenty-eight years, 

Downloaded from ftp.​nowpublishers.​com/​jmipi/​article-pdf/​109/​1892/​160/​2587552/​imotp_1892_20339.​pdf by guest on 17 October 2026



Proceedings.] CORRESPONDENCE ON AVERAGE ANNUAL RAINFALL. 165 

and below the mean in twenty-seven, or nearly an equal number. Mr.Hopkinson. 
These  results seemed to show a rather less divergence from the ~ 

mean in single  years of extreme  rainfall,  when  either  summer  an& 
winter or winter and summer  were taken together, than  in  the 
calendar  year,  but  no  appreciable difference in  two or three suc- 
cessive years,  while the variation in the  number of consecutive 
years of rainfall above or below the mean  appeared to be purely 
accidental.  There was,  however, a decided difference in  the  total 
number of years of rainfall above the mean and years below the mean 
in  the  two methods of dividing  the year, seasonal and calendar ; for 
whether  the summer and  winter or winter and summer  were taken 
together,  there  was a smaller  number of years  with  the  rainfall 
above the mean, and, therefore, a greater excess of rainfall in these 
years, and a larger  number  with it below the mean, and, therefore, 
a less defect in these  years, than  if  the calendar  years  were  taken. 
With regard to  the probable limits of error in definite  periods of 
time, the Nash  hIills record threw a little more uncertainty upon 
the deduction of a  mean rainfall from observations for thirty-five 
years  than  the  Author seemed to  admit. Every generalization of 
this  kind  ought  to  stand  the  test of the mean of any continuous 
period of stated  length  being  taken.  Thus, in  a record of half a 
century,  if  the first half of the period had an average  rainfall 
2 per  cent. below the mean of the whole period, and the second 
half,  consequently, an average fall 2 per  cent. above it, it would 
not be safe to  infer that 2 per  cent.  was the probable extreme 
deviation from the mean in twenty-five years, for  there  might  be 
a period of twenty-five  years,  say, in  the middle of the record, 
with an average fall much more divergent than this. The Nash 
Mills record  of fifty-five .years  (here  the calendar  years only were 
referred  to)  evidently comprised twenty-one consecutive  periods of 
thirty-five  years each, 1837-71 to 1857-91; but  if a step were 
made  every five years  instead of every  year, there would be only 
five  such periods. The deviations of the average rainfall in  each 
of these  periods from the mean of the whole  period were :--1837- 
71, - 43 per cent. ; 1842-76, - 3 per  cent. ; 1847-81, + l per cent. ; 
1852-8G, + 4 per  cent. ; and 1857-91, + 2& per cent. The  extreme 
deviations  from the mean  here  were  considerably greater  than in  
the first  and second periods of thirty-five  years each, 1725-59 and 
1760-94, of the  Padua record of ninety-seven years. But  this 
record included a period of thirty-five  years, 1745-79, with an 
average  rainfall  deviating much more  from the mean than any of 
the above, the  ratio  being 1.085, or  per  cent. in excess of the 
mean. If the Nash Mills record were  analysed in steps of five 

Downloaded from ftp.​nowpublishers.​com/​jmipi/​article-pdf/​109/​1892/​160/​2587552/​imotp_1892_20339.​pdf by guest on 17 October 2026



166 CORRESPONDENCE ON AVERAGE ANNUAL RAINFALL. jxinutes of 

Mr.IIopkinson. RAINFALL AT  NASH &fILLS, HENEL HEPPSTEAD, FOR FIFTY-FIVE YEARS ENDING 
1891, IN INCHES, WITH THE FALL OF EACH YEAR REDUCED TO A RATIO OF 
THE MEAN FALL CONSIDERED  AS UNITY. 

Tear. 

1836-37 
1837-38 
1838-39 
1839-40 
1840-41 
1841-42 
1842-43 
1843-44 
1844-45 
1845-46 
1846-47 
1847-48 
1848-49 
1849-50 
1850-51 
1851-52 
1852-53 
1853-54 
1854-55 
1855-56 
185G57 
1857-58 
1858-59 
1859-60 
1860-61 
1861-62 
1862-63 
1863-64 
1864-65 
1865-66 
-- 

Carried 
forward 

April to March. 

Fall. 

Inches. 
-- 
28.91 
19-61 
23.39 
32.12 
20.00 
33.51 
25.61 
29.45 
21.18 
25.50 
24.43 
27.15 
26.49 
22.49 
26.53 
20'00 
40.24 
26.45 
18.79 
27-14 
26.82 
25'92 
21.91 
34.80 
31.96 
23.01 
25.38 
22.64 
19.35 
32.60 

-- 

783-28 

- 

- 
l 0' ctober to September. j January to December. 

_- Batio. 

1 a07 
0.73 
0.86 
1.19 
0.74 
1.24 
0.95 
1.09 
0.78 
0.94 
0.90 
1.01 
0.98 
0'83 
0 . D 8  
0.74 
1.49 
0.98 
0.70 
1.00 
0.99 
0.96 
0.81 
1 $29 
1.18 
0.85 
0.94 
0.84 
0.72 
1.21 

- 
Fall. 

Inches. 
-- 

26.51 
20.62 
29.99 
24.39 
27'27 
28.71 
27.50 
23.48 
24.68 
25'43 
24.24 
28'  84 
27.40 
20'40 
23'96 
30.72 
37'06 
19'13 
21.98 
29.34 
26.07 
24.08 
27.95 
36.89 
21'94 
27'00 
21.41 
17.66 
23.53 
35'59 

' 1  Year. ~ 

Ratio. 1 ~ Fall. 

1.11 1838 
0.90 1840 

~ 

1.01 1 1841 

1.06 ~ 1842 

1.01 1848 
0.75 ' l850 

0.89 ~ 

1851 

1.37 1853 
0.71 , 1854 
0.Sl ' 1855 
1.08 ( I  1856 
0.96 1 1  1857 
0.89 , !  1858 
1.03 1 1  1859 
1.36 ~i 1860 
0.81 l861 
1.00 1862 

1863 

1.14 ~ 1852 

-- -- 
29.08 ' l  Carried 

forward 

- _  
! 
- 
Inches. 
21.10 
23-13 
31.28 
21.44 
32.10 
26.43 
26.47 
23.57 
21.53 
26.55 
23.20 
29. C9 
24'65 
20'50 
22'18 
41 . l4  
28.46 
18.27 
25.89 
26.63 
28-13 
20.50 
32 * 62 
31.22 
21'20 
27.44 
22.36 
16-96 
30.25 
30.21 

-- 
781.1C 

- 

Ratio. -- 
0.78 
0.85 
1.15 
0.79 
1.18 
0.98 
0.98 
0.87 
0.90 
0.98 
0.86 
1'10 
0.91 
0.76 
0.82 
1.52 
1.05 
0.67 
0.96 
0.98 
1'04 
0.76  
1.20 
1.26 
0.78 
1.01 
0.85 
0.63 
1'12 
1.11 

28.85 
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RAINFALL AT NASH MILLS, HEMEL  HEMPSTEAD, &c.-continued. MrXopkinson. 

Tear. 

.. - 
Brought ' 
forward, 

1866-67 
1867-68 
1868-69 
1869-70 
1870-71 
1871-72 
1872-73 
1873-74 
1874-75 
1875-76 
1876-77 
1877-78 
1878-79 
1879-80 
1880-81 
1881-82 
1882-83 
1883-84 
1884-85 
1885-86 
1886-87 
1887-88 
1888-89 
1889-90 
l89091 

Sums . 
-- 

Means . 

T April to March. I October to September.11 i; 
Fall. 

Inches.  Inches. 

Fall. Ratio. ___-__- 
783.28  786.87  28.99 

28-19 1.04 
0.95 25.73 

26.97 

23.32  0.76  20.47 
22-22  1.01 27.18 
28.90 0.98 26-49 
26.46  0.81 21.79 
25.06 1.03 27.75 
27.38 1.08 29.20 
28.57  0.90 24.29 
22.71 1.00 26.89 
36.61 1.45 39-19 
31.34 1-10 29.67 
35.22 1.36 36.77 
22.24 1.15  30.93 
39.71 1.22 33.08 
32.20 1-02 27.48 
34.43 1.29 34.94 
31.53 1.20 32.28 
26.69 0.83 22.40 
19.62 0-75 20.20 
32.84 1.33 35.99 
25.69 1.01 27-34 
28.63 0.75 20.13 
20.92 0.97 26.13 
30.38 1.02 27.63 
21-41 

485.52 55.00 1487.82 

2 7 . 0 5  
-___ - 

27.01 1 1.00 

l !  

- .- 

l 

I forwardj 
Brought 

l .oo 
0.79 
1.12 
0.77 
1.06 
0.95 
1.21 
0.73 
0.99 
1.17 
1.27 
1.19 
1 *47 
0.82 
1 *30 
1-16 
1.35 
0.84 
1.06 
1-01 
0.93 
0.98 
1.07 
0'82 
0.86 

1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 

55.00 ' 1  Sums . ' I  

ranuary to December. 

Fall. 

Inches 
-- 

781.10 

25.84 
27.33 
27-67 
21.64 
23.49 
36-28 
23.99 
21.63 
29.35 
33.15 
32.49 
30.37 
34.23 
34.05 
31-72 
35.22 
29.39 
22.52 
31-56 
29.11 
19.57 
27.76 
27 * 62 
21-94 
31.55 

490.57 

27.10 - 

Ratio. 

28.85 

0.95 
1.01 
1.02 
0.80 
0.87 
1-34 
0.89 
0.80 
1.08 
1.22 
1-20 
1.12 
1.26 
1 :26 
1.17 
1.30 
'L * 08 
0.83 
1-16 
1.07 
0.72 
1.02 
1.02 
0'81 
1.16 
-- 
55.01 
-- 
1.00 - 

years each, it would  be found that  the  geatest deviations in 
average  fall from the mean  were (in  the  calendar years), for 
periods of five years, - 11 per cent. in 1847-51, and + 20 per Cent. 
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Jfr.Hopkinsou. in  1877-81 ; of ten years, - Sh per  cent. in  1842-51, and + 144 per 
cent. in  1877-86; of fifteen  years, - 7  per  cent. in 1837-51, and 
+ 12 per  cent. i n  1872-86 ; of twenty  years, - 5 $  per  cent. in  
1837-56, and + 8 per  cent. in  1872-91 ; of twenty-five  years, 
- 4 per  cent. in  1847-71, and f 5 per  cent. in  1867-91; of thirty 
years, - 4 per cent. i n  1837-66 and 1842-71, and + 4  per  cent. in  
1857-86; of thirty-five  years, - 44 per cent. in 1837-71, and 
+4 per  cent. in  1852-86 ; of forty years, - 3  per  cent. in  1837-76, 
and + 3  per  cent. in  1852-91 ; of forty-five  years, rather less than 
- 3 per  cent. in  1837-81, and  rather more than'+ 1 per  cent. in  
1847-91 ; and,  finally, + f r  per  cent. for the  two periods of fifty 
years  each, 1837-8G and 1842-91, the  rainfall in  both the first and 
the  last five years of the whole period being 5 per  cent. below the 
mean. It was possible to pick out periods with a greater de- 
viation  from the mean than would appear  to be the  rule even  from 
this close analysis ; thus,  while  the  greatest  deviation in  five years 
appeared  from the above to be + 20 per  cent., and  in  ten years 
+ 14.$ per cent., the seven  years 1876-82 gave an excess  of 
22 per cent., as also did  the five years 1878-82 ; and  the  ten  years 
1875-84  showed an excess of 15 per cent. It would be  impossible, 
to analyse in  this way such a large  number of records as  the 
Author of this valuable  and  elaborate  Paper  had  brought  together. 
The labour of such  investigations as this was immense, and all 
who  took an interest  in  rainfall  and  its fluctuations would thank 
him  for  opening up questions of such  importance,  and giving  them 
valuable  rules to  aid  them in their researches. 

Mr. Lucas. Mr. J. LUCAS remarked  that  the '' units " used by  the  Author of 
the  Paper  must haGc different  values, because they  represented 
means of different periods of years, and  not of one  period common 
to  the whole of the records. It was impossible to get a fixed value 
for  the mean annual rainfall, as that  figure  varied with each addi- 
tional  year. He found the mean annual  fall  at Greenwich for the 
seventy-seven  years, l815 to  1891  inclusive,  was 24,947 inches. 
This  was probably too high,  as  the  period  included  several  doubtful 
years-notably,  1824, in which the  rainfall had been  over-estimated. 
The mean annual B11  of the  trustworthy period, 1861 to 1891, 
thirty-one  years inclusive, was 24.538 inches,  which was probably 
too low, as the highest  yearly  rainfall  during that period  was only 
31.362  inches, in 18i9. It had often been remarked that  the  true 
annual mean of a long period approximated very closely to the 
mean  between the extremes of that period. Thus  the  true mean 
for the  thirty-one years, 1861-91, 24.538 inches, was 0.667 inch 
in  excess of the mean  between the  extremes;  but as the  rainfall in  
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the  year of minimum fall, 1864, 16.38 inches, was the lowest on ML Lucas. 
record, and  the  year of 
maximum fall  did  not 33 

occur in the period, 
then  calculating  equal 
intervals  fromthemini- 9[ 

mum 16- 38 inches  and 
the mean  24*538inches, 
a, least  annual maxi- 
mum of 32.696  inches '' 
was indicated. For 
certain purposes, e.g., 
underground  water, it 24 

was necessary to know 
t h e   m a x i m u m ,   t h e  
mean,  and the  mini- P, 

m u m   f a l l s   d u r i n g  
shorter periods than 
the  annual cycle. If , I  
the  annual mean rain- 
fall was divided by 
twelve an arithmeti- 
cal mean  value  was SO '. 
assigned to  the  fall for 
each  month,  and by 
addition to that for the '* 
progressive  periods 
e n d i n g   w i t h   e a c h  
month. But  only  the 9 

month of January real- . 
ked  this value, and 
the eleven - months' t 

period, January  1st  to 
November 30th  (in ad- 
dition, of course, to  the ~ 

twelve-months'period). 
Fig. 4 showed the maxi- ' 
mum, mean,  and  mini- 
mum  depths of rain 

Fin. 4. 
S O ~ D  

S O N D  

fallen in the progres- GREENWICH RAINFALL, 1861-91. MAXIMUM, MEAN AND 
MINIMUM DEPTHS IN INCHES FALLEN FROM 1ST O F  

sive periods the JANUARY TO THE END OF EACH SUCCESSIVF. MONTH. 
1st of January to the 
end of each snccessibe month during  the  thirty-one  years 18Gl to 
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Mr. Lucns. 1891 inclusive. Thus  the mean fall  in  the period, 1st of January to 
30th of September,  was 18.001 inches, and  the  minimum from the 
1st of January  to  the  30th of April was 3 . 7 4  inches. From  this 
diagram it appeared  that  the  arithmetical  monthly mean  obtained 
by dividing  the mean annual  fall  by 12, viz., 2.045, fell  short 
of the  actual mean  for January  in  the thirty-one  years,  which 
was 2.054 inches, by 0.009 inch, but  after  that  all  the progressive 
periods  from the  1st of Ja,nuary  to  the  end of each  successive 
month  fell  short of this  arithmetical  mean  line until  the period 
ending  the  30th of November was reached, when  the mean of 
the period, 1st of January to 30th of November, for the  thirty- 
one years, 22- 572 inches, again  exceded  the  arithmetical mean 
value  for that period, 22.493 inches, by 0.079 inch. But  if  the 
mean  for January for the  thirty-one years, 2 - 054, were  multiplied 
by 11, giving 22.594 inches, it would  coincide with  the  actual 
mean  for the eleven-months’  period (1st of January  to  30th of 
November), 22.572 inches, within 0.022 inch,  and  multiplied 
by 12 would give  an  annual mean of 24- 648 inches,  which con- 
sequently seemed to be the  true mean  for  Greenwich. Then 
calculating  the maximum from this mean, and  the  minimum  with 
equal  intervals as before, the  result was 32.916 inches as the least 
maximum  for Greenwich-a fall  which  (excluding the doubtful 
years 1821 and 1824, estimated at 34.54 inches and 36.39 inches 
respectively ; and 1841, estimated at 33  -30 inches) was nearly 
realized in  1852,  32  71 inches. It would  be  seen that  the least 
fall in the five-months’ period to  the end of May amounted  to 
about  one-quarter of the  annua,l  minimum,  about  one-sixth of the 
annual mean, and  rather more than one-eighth of the  annual 
~naximum ; also that  the  least  fall  in  the six-months’ period, 1st of 
.January  to  30th of June ( 5 . 2 2  inches, 1870), amounted to less 
than one-third of the  annual minimum, rather more than one-fifth 
of the  annual mean, and almost  exactly  one-sixth of the  annual 
maximum  during  the same  period of thirty-one years. Other 
similar  relations  to  the  annual mean might  be read  from Fig. 4, 
which  related  only  to  the  trustworthy period 1861-91, and  was 
one of a  series of seven  constructed to  illustrate  the whole  period 
of the Greenwich record. The  monthly figures  for the  years  since 
1876 had, by  the  courtesy of Mr. Ellis, been obtained  direct from 
the Royal  Observatory. 

Mr. 310sse. Mr. J. R. MOSSE remarked that  an engineer  had  to  deal, 
particularly  in  the tropics,  much more with  the maximum and 
the minimum  rainfall  than  with  any  average  or mean. In   the 
construction of bridges,  culverts,  and  waterways  he  should  provide 
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for the maximum rainfdl, which  might be  expected to fall or to flow Mr, Mosse 
off in  any twelve or twentyifour hours. In designing a  reservoir 
for  a  town  supply, or an  irrigation work, the capacity  should  be 
sufficient to  store an ample  quantity of water  during  the most 
prolonged dry season, and  the waste-weir  should  be  capable of 
discharging the maximum rainfall of the  district.  During a  storm 
which occurred in  Mauritius between the  12th  and  the  13th of 
February, 1865, from 10 inches  to 18 inches of rain  fell in  twenty- 
four  hours over the  greater  part of the  island;  and  in 1872 a depth 
of 32 inches of rain,  which  fell in four consecutive days on the 
mountain zone of Ceylon,  produced a flood which covered 700 
square  miles of country  in  the neighbourhood of Colombo. 
Annexed  was  a Tabular  statement of heavy falls of rain  in 
Mauritius,  showing  the  total  fall in  certain years, and  instances 
of extremely  heavy  falls. He would also  refer to a Paper on 

The  Amount  and  Distribution of  Monsoon Rainfall in Ceylon 
generally,” by Mr. F. J. Waring, M. Inst. C.E., for  particulars of 
heavy  falls of rain  in  that is1and.l The  ancient  tanks of Ceylon, 
some  of them  dating back  to B.C. 500, had  evidently been destroyed 
from their waste-weirs  being insufficient for  heavy  rainfalls. I n  
the construction of modern irrigation works it was  therefore 
necessary to provide sufficient waste-weir for the above heavy 
rainfall. To  be on the safe side, Mr.  Mosse  provided for 1 inch of 
rain per  hour,  and made the waste-weir of such  length  that  the 
water should  not flow  more than 2 feet in  depth over it. Now as 
1 inch of rain per  hour  per  acre was equal  to 60& cubic  feet of water 
per  minute,  and  as  with  a  depth of 2 feet flowing over  a  weir, GO5 
cubic  feet  per  minute  were  discharged  per  lineal foot of weir, 
it followed that for each acre of watershed & foot  of weir  should 
be provided. I n  other words, 1 foot of weir sufficed for the 
discharge of 1 inch of rain per  hour on 10 acres, and  consequently 
G4 feet of weir  were sufficient for 1 square  mile of watershed. 
This provision had proved satisfactory. I n  Ceylon the waste-weir 
could generally be  made over some rocky, or a t  least  solid  ground. 
I n  Mauritius  and in Ceylon the amount of rainfall depended much 
more upon the  height of the locality above the sea, and  upon 
its exposure to  the  prevalent winds, than upon any other  cir- 
cumstance, the  temperature  falling  with  the  altitude. 

’ Quarterly Journal of the Royal Meteorological  Society, vol. xiii. (1887), p. 296. 

Downloaded from ftp.​nowpublishers.​com/​jmipi/​article-pdf/​109/​1892/​160/​2587552/​imotp_1892_20339.​pdf by guest on 17 October 2026



172 CORRESPONDENCE ON AVERAGE ANNUAL RAINFALL. [Minutes of 

MP. Xosse. 
TROPICAL  BAINFALLS IN MACRITICS. 

Locality. 
Height 
above 

Cluny Estate. . 
Esperance Estatc 
Gros Bois ,, 
Crofton Righ. . 
La Gaieti. . . 
Vacoa . . . . 
Port Louis . . 
Vscoa . . . . 
Curepipe . . . 

~ Feet. 
11,400 
I .. 
~ .. 

~ 

1,400 

.. 

30 

1,400 

1, 850 

Mauritius. . . 1 .. 

Ayerage 

Depth. 1 Date. 1 Rain' 

Greatest Fall in Twenty- 
Annual 

fall. 
Tear. 

~ . ~.~ . Pars .  Rain- 
four Hours. 

~~~ 

Inches. 1 Inches. Inclm. 
1865  192.451 , .. ~ 

.. 20.00 1 January, 1871. 
1: $:g:]' Feb. 12, 1865. 

24'00 ~ April, 18TO. .. 

,, ..  .. 

29 March, 1892. 
GEORGE BERKLEY, President, 

in the Chair. 

The discussion on the  Paper by Mr. A. R. Binnie " On Mean or 
Average  Annual  Rainfall, and  the  Fluctuations to which it  is 
Subject " occupied the  evening 
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