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[Read before the National .Academy of Sciences, Nov. 14, 1882.] 

Mean annual rain-fall for different countries of the globe. 

My sixteenth paper of "Contributions to Meteorology" con· 
tained a table showing the annual rain·fall fOl' 713 stations from 
various parts of the globe, and also a chart showing the lines 
of equal rain·fall as well as I could determine them from the 
observations then collected. I however distinctly stated that for 
certain portions of the globe, and especially for the southern 
hemisphere, the observations were too few to enable us to 
draw the lines of equal rain· fall with confidence; and Ire· 
quested that if any person should discover serious defects in 
my chart, he would cornmunicale to me the observations which 
indicate these defects. In response to this request I have 
received communications from numerous SOUI'ces, of which the 
following are the most important: The Meteor,)logical Service 
of the Dominion of Canada; the Meteorological Institute of 
NOI'way; the United States Signal Service; Dr. Alexander 
Woeikoff of St. Petersburgh; Dr. A. von Daiickelman of Leip. 
zig; Dr. Benjamin A. Gould of Oordoba; Professor Orville A. 
Dewey of Rio de Janeiro; Dr. Mauricio F. Df'aenert of Bahia: 
and Henry B. Joiner of S. Paulo, Brazil. I have also received 
the published observations of rain·fall from a large number of 
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countrie~, of which those from Mexico, Japall, the East Indian 
Archipelago, and Australia, and those contained in the second 
edition of Schott's Rain Tables, have proved of the greatest 
value for my present purpose. I have carefully considered the 
criticisms which have been made upon my first paper, particu· 
larly those of Dr. Woeikoff(this Journal, May, 1882) and those 
of the editor of Nature (;June 29,1882). 

The accompanying table shows the most important observa­
tions which I have thus far received, many of them being from 
new stations, while those from stations included in my former 
paper exhibit the results of a more extended period of observa­
tion. Oolumn 1st contains the reference number; column 2d 
gives the name of the station; column 3d gives its elevation 
above the sea expressed in English feet; column 4th gives the 
latitude of the station and column 5th its longitude from Green­
wich; column 6th shows the number of years of observation 
represented; column 7th shows the mean annual min-fall ex­
pressed in English inches; and column 8th gives the authority 
for the results. In the last column, Schott's T. 2d ed. stands for 
Tables of the precipitation in rain and snow in the United States, 
by Oharles A. Schott, 1881; Bo!. Met. Mex. stands for Boletin 
Meteol'Ologica Mexicana; Revista Oi. Mex. stands for Revista 
Oientifica Mexicana; Rev. de Engenh. stands for Revista de 
Engenharia; S. Paulo Rw. 00. stands for Siio .. Paulo Railway 
Oompany; Zeitsch. stands fot' Zeitschrift der Osterreichischen 
Gesellschaft fiir Meteorologie; En. MeL. Oom. 28 stands for 
Oontribntion to the Meteorology of Japan No. 28. issued by the 
English Meteorological Oommittee; Q. J. Met. Soc. stands for 
Quarterly Journal of the London Meteorological S. lciety; A. v. 
Danckelrnan stands for Meteorologiseben Beobachtungen von 
Dr. A. von Danckelman; Russ. Met. Obs. slands for Russell's 
Rai n Observations in New South Wales. The other abbrevia­
tions will probably be understood without particular explana­
tion. 'l'his table might have been ver.Y much enlarged, but I 
hnve confined myself to those stations which were regarded as 
speci::tllv useful in revising my raill·chart. With the aid of the 
new materials thus collected I have prepared a new chart of the 
rain-fall which is believed to represent pretty well all the obser­
vations contained in my two tahles. 

If these two chalts are carefully comrared, a general resem­
blance will be readily perceived, pa,'ticularly in the Northern 
Hemisphere. In North America tht're is a little cbange be­
twpen Lake Superior and Uudson Bay; aho in Yucatan and 
Centr,.] America. In South America tbe changes are much 
grealel'. 'l'he ohservations from tile Argentine Republic indi­
cate that the line of 50 inches rain-fnll crosses the meridian of 
60° in abuut latitude :l7-!O S.; and although the number of ob-
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Mean Annual Rainfall for 'I)arious Stations. 

Station. Elev. 
feet. Lat. Long. 11>'\;':'8 I I~g~~B. Authority. 

,--'--' -- ------
1 Fort Peel's River _. 67 32 N 134 30 W ~t 53'88 Schott's T., 2d ed. 
2 York Fact'y, Hud. B. 5557 0 N 92 26 W 4 24'73 l:anada Met. ObB. 
3 Dunvegan, N.W.Ter. 100056 0 N ll8 20 W 15'26 Can. Met. Office. 
4 Belle Isle 405 51 53 ~ 55 22 W 55'07 do. 
5 Lillooet. Brit. Col. __ 50 42 N 122 2 W 3 15'26 Canada Met. Obs. 
6 Spence's Bridge, B.C. 76050 25 N 121 30 W 4 10'14 do. 
7 ~icola Lake, Br. Col. 2100 50 16 N 12043 W :l 11'99 do. 
8 Meadow Lea, Man. 825 50 7 N 97 40 W ~4'64 Can. ~ret. Office. 
9 Ossowa, Manitoba __ 50 6 N 98 1(; W ~7'14 do. 

10 Poplar Heights, Man. _ _ 50 5 N 97 50 \\' 2 25'45 Canada Met. Obs. 
1I Rockwood, Manitoba __ 50 5 N 97 12 W 2 17'60 do. 
}2 Mazatlan. Mex. 249 2~ 11 ~ 1(16 0 W 2 45'91 Bol. Met. ),Iex. 
13 Zacatecas, Mex.· 818722 44 N 102 33 W 3 2565 do. 
14 i:)an Luis Potosi, Mex. 6202 22 9 N 100 58 W 3 16'30 do. 
15 Pabellon. Mex. 63J422 4- N 102 \1 W 3 20'8~ do. 
16 Leon. Mex. 590121 6 N 1.01 30 W 3 28'26 do. 
n Guanaxuato, Mex. 676121 1 N 100 48 W ] 20'65 do. 
18 Jalisco, Mex. 20 55 N 105 12 W 1 49'4] do. 
19 San Juan del Rio __ 20 24 N 99 39 W 1 22'33 do. 
20 Campeche, Alex. __ 19 54 N 90 24 W 1 45'56 do. 
21 Teziutlnn. Mex. __ 19 46 N 97 22 W 3 66'12 do. 
22 Patzcuaro, Max. 701519 31 N 101 31 W 2 44'77 do. 
23 ~1irador, Mex. 3600 19 15 N 96 40 W 12 83'86 Schott's T., 2d ed. 
24 Puebla, ),1 ex. 7112 19 3.N 98 11 W 3 40'24 Bol. Met. Mex. 
25 Tnxpam, Mex. __ 19 0 N 97 7 W 3 59'61 do. 
26 Colima, Mex. 166418 46 N 103 20 W 12 41'73 Revista Ci. Mex. 
27 Tlacotalpam, Mex. 11 18 37 N 95 39 W 2 90'28 Bol. Met. Mex. 
28 Oaxaca. Mex. 5072 17 3 N 96 40 W 3 30'21 do. 
29 Aspinwall, N. Gren. 7 9 23 N 79 53 W 6 121'60 ;:>chott's T., 2d ed. 
30 Heredia. Costa Rica 383710 0 N 84 0 W 1 4.7'64 do. 
31 Oaracas; Venezuela 2923 10 31 N 66 55 W 1 37'01 Smith. Rep.,] 867. 
32 Medeliin, Colombia 6 38 N 76 35 W 2 63'36 Sig. Ser. Int. Obs. 
33 Paramaribo 5 49 N 55 12 W 2 91'03 do. 
34 Manaos, Brazil 121 3 8 S 60 0 W 1 55'20 Zeitsch., viii, 267. 
35 Fortalera. Ceara 3 43 S 38 29 W 28 58'62 W. 11. Roberts. 
36 fquitos, Peru 320 :1 44 S n 8 W It 10:~'28 Schott's T., 2d ed. 
37 Pernambuco 10 8 4 S 34 52 W 4 lU8'4u Zeitseh, xiv, 216. 
38 iI. Bento das Lages 98 12 37 S 38 40 W It 80'80 Rey. de Engenh. 
39 Bahia. Brazil __ 13 0 S 38 32 W 1 83'08 do. 
40 :'abara, Brazil 2280 19 54 S 44 30 W 25 64'45 W. M. Roberts. 
41 Rio de Janeiro, Brazil _ _ 22 54 S 43 8 W 17 43'78 do. 
42 S. Paulo, Brazil 239323 33 S 46 37 W 3 53'23 Henry B. Joyner. 
43 Serra do Uubatao 2625 23 45 S 46 30 W 6 137'80 do. 
44 Santos. Brazil 0 24 0 S 46 22 W 8 94'50 S. Paulo Rw. Co. 
45 Alto da Serra __ 24 0 S 49 20 W 9 140'30 Prof. O. A. Derby. 
46 Salta, Rep. Argentina _ _ 24 45 S 65 2'1 W 4l- 27'01 Dr. B. A. Gould. 
47 Villa Formosa. R. Ar. _. 26 12 R 58 5 W 2t 72'7:1 do. 
48 rucuman, Rep. Arg. 141 26 46 S 65 29 W H 35'40 do. 
49 l:orrientes. R. Arg. 27 19 S 58 56 W 7- 58'58 do. 
5{l Pilciao, R. Arg. 27 30 S 66 36 W 5 39'17 do. 
51 ;:>antiago del Estero 27 44 S 64 23 W 6 19'92 do. 
52 Goya, R. Arg. 29 12 S 59 22 W 6 46'22 do. 
53 Saladillo, R. Arg. 29 . S 1i7 W 3 17'87 do. 
54 Rioja, R. Arg. 29 18 S 67 22 W 2t 11'93 do. 
55 Curuzu Cuatia. R. A. 29 54 S 58 9 WIt 51'46 do. 
56 Villa Hernandarias 31 ) 5 S 59 41 W 5 39'80 00. 
57 Concordia, R. Arg. 31 23 S 58 2 W 3 46'10 do. 
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J.lfea.n Annual Rain-falllor vario~ls Stations. 

No. Station. ~;lev. Lat. Long. Yenre Rain. Authority. feet. Obs. Inches. 
- --

58 Cordoba., Rep. Arg. 1240 31 25 S 64 11 W 9t 27'80 Dr. B. A. GOUld. 
59 .';an Juan, l~ep Arg. -- 31 21 S 68 20 W 5 2·83 do. 
61) Parana. Rep. Arg. -- 31 44 S 6024 W 6 36·77 do. 
61 Mendoza, Rpp. Arg. 2559 32 53 S 68 52 W 4 7-15 do. 
62 H08ario. Rep. Arg. -- 32 55 S 60 39 W 5 38'50 do. 
63 Rio Guarto, R. Arg. -- 33 7 S 6421 W I 29'21 do. 
64 :s neva Palmira, R. A. -- 33 47 S 58 16 W 4t 27'24 do. 
65 Tatay, Rep. Arg. -- 34 14 S 5964 W tit 33'78 do. 
66 S. Antonio d' A reco -- 34. 15 S 59 30 W 3 31'~8 do. 
67 \ amcra Matanzas -- 34 25 S 58 26 W 5 36'58 do. 
68 25 de Mayo. R. .~rg. -- :{5 20 S 62 oW It 37'48 do. 
69 Salado, Hep. Arg. - - 35 40 S 59 6W 3t 30'94 do. 
70 Dolores, Rep. Arg. -- 31l 19 S 58 14 W 3t 33'27 do_ 
7l Tandil, Rep, Arg. - - 37 13 S 59 10 W 3t 34'45 do. 
72 Bahia Blanca, R. Ar. 6238 44 S 62 11 W 22 19'25 do. 
73 Ushuaia, Rep. Arg_ -- 54 03 S 68 10 W 3 19'72 do. 
74 Alten, Norway 43 69 58 N 23 17 E 8 10'46 Dr. Henry Moho. 
75 Siidvaranger, Nol-w. 66 6940 N 30 11 E 7-8 14'39 do. 
76 Tromso, Norway 50 69 39 N 18 58 E 8-9 31'86 do. 
77 Fagernes, Norway 2568 27 N 17 28 E 8 19'72 do. 
78 Lodingen, Norway 44 68 24 N 16 IE 7 47'39 do. 
79 Varo, Norway 39 1i7 41 N 12 37 E 2-3 24'19 do_ 
80 Bodo, Norway 1567 n N 14 24 J<] 12 32'39 do. 
81 Ranen, Norway 43 66 12 N 13 32 E 8 39'74 do. 
82 Brono, Norway 35 65 28 N 12 14 E 8-9 32'65 do. 
83 Ytteroen, Norway 249 6349 N 11 14 E 9 21'04 do. 
84 Christiansund, Norw. 50 63 7N 7 45 E 18 33'47 do. 
85 Horos, Norway 2064 62 35 N 11 23 J.<} 7-8 15'73 do. 
86 Aalesund, Norway 47 62 29 N 6 9 J<] 14 45'20 do. 
87 Dovre, Norway 2110 62 5N 9 8E 10-11 14"30 do. 
88 Domsten, Norway 36 61 53 N 540 E 5 74'02 do. 
89 Floro, Norway 2661 36 N 5 2E 6 75'28 do. 
90 Sogndal. Norway 109 61 18 N 7 3E 9 27'97 do. 
91 Flesje, Norway 16 61 8N 6 27 E 8 52'75 do. 
92 Grunlleim, Norway 1251 61 6N 8 58 E 8-9 21'35 do. 
93 LeisdaL Norway 1661 6N 7 27 E 10 12'22 do. 
94 Birid, Norway 419 60 1i8 N 10 35 E 5 23'86 do. 
95 Bergen, Norway 5760 24 N 5 20 E 14 72'24 do. 
96 J<:irlsvold, Norway 615 60 22 N 11 13 J<J 10-11 30'84 do. 
97 Ullensvang, Norway 11560 20 ~ 6 40 E 6-7 39'69 do. 
98 Hole, Norway 3:16 60 4N 10 16 E 5 19'74 do. 
99 Lauglien, Norway 926 60 4-N 10 31 I'; 6 41'08 do. 

100 Bjomholt, Norway 824 60 3N 10 39 E -- 4202 do. 
101 ChristialJia, Norway 8059 55 N 10 45 E 42 26'93 do. 
102 Aas. NOl'lvay 289 59 37 N 10 47 E 6 27'53 do. 
103 Fredrikstad, Norway 185913 N 10 56 F. 3-7 31'60 do. 
104 Valle, Norway 1039 59 12 N 7 32 E 3-4 36'80 do. 
lOu SkudesneR, Norway 1359 9N 5 16 E 14 42'84 do. 
106 Sandosund. Norway 27 59 5N 10 28 E 14· 23'15 do. 
107 MandaI, Norway 54 58 2N 7 27 E 14 44'88 do. 
108 Dalmatow, Rnssia -- 56 14 N 62 37 E 14 12'64 Dr. A. Woeikoff. 
109 Astrakhan, Russia 55 46 21 N 48 2E 32 5'71 do. 
no Low. Syr Daria, Rus. -- 46 N 62 E 5 5'12 do. 
III F. Alexandrowski, R. -- 44 27 N 50 8E 13 4'49 do. 
112 Alexandropol, Russia 5010 4047 N 43 35 E 18 14'96 do. 
113 Krasnovodsk, Russia -- 40 ON 53 9E 3 15'37 Met. Annalen. 
114 Ura Tiibe, Russia -- 41 30 N 68 13 E 1 12'95 do. 
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Mean Annual Rain-fall for various Statiolls. 
~- -------------------- -----

Elev. Lat. Long. Years Rain., No. Station. feet. Obs. Inches. Authoril,y. 

115 Taschkent, Russia 1588 41 20 N 69 i8 E 8 12'28 Met. Annalen. 
116 Samarkand, Russia 2378 39 39 N 66 57 E 1 13'54 do. 
117 Pendshekent, Russia 3163 39 28 N 67 33 E 1 12'44 do. 
ll8 1. Ashur Ade, Russia -- 3654N 53 50 E 6 ] 7'sO Dr. A. Woeikoff. 
119 Wernyj, Russia 2402 43 16 N 76 53 E 2 18'44 Met. Annalen. 
120 Yokohama, Japan 35 27 N 139 40 E 4 85'27 En. Met. Com., 28. 
121 Cape Sagami, Japan :-15 8 N 139 41 E 4 48'14 do. 
12~ Awadji, Japan 3437 N 135 OE 3 38'13 do. 
123 Rock Island, Japan 34 34 N 138 57 E 4 60'94 do. 
124 Isumi, Japan 34 17 N 135 OE 2 47'61 do. 
125 lsaki, Japan ~3 58 ~ 131 1 E 2 54'27 do. 
126 Isauri Sima" Japsn 33 53 X 132 38 E I 28'16 do. 
127 Oosima, Japan 33 28 N 135 52 E 4 71'43 do. 
128 Siwo Misaki, Japan 33 26 N 135 46 E 4 64'78 do. 
129 Nagasaki, Japan 32 43 N ]29 46 E 4 40'64 do. 
130 Saton Misaki, Japan 30 58 N 130 40 E 4 52'12 do. 
131 Zikawei, China 31 12 N 121 26 E 8 42·44·Zeitsch., xvii, 16. 
132 Hongkong, China 22 16 N 11,1 10 ~; 12 84'60 Zeitsch., viii. 72. 
133 Manilla, Phil. Is. l4 36 N 120 40 E 19 75'05 Variuus sources. 
]34 Bangkok, Siam 13 43 N 100 25 I~ 10 67'04 Q J.Met.Soc. v,88. 
135 Saigun, Siam 1048 N 106 40 E 1 58'42 Zeitsch., vii. 23. 
136 Bohol, Phil. Is. 9 55 N 124 32 E 2 49'47 Zeitsch., 'v, 69. 
137 Linao, Phil. Is. 8 fiN 125 45 E 1 150'72 do. 
138 Serang, Java 102 6 7 S 106 8E 3 82'05 Dr.P.A. Bergsma. 
139 Onrust. Java 6 I S 106 46 E 3 'll'50 do. 
140 Batavia, Java 23 6 11 S 106 50 E 3 '13'31 do. 
141 M. Uornelis, Java 46 6 13 S 106 54 E 3 81'74 do. 
14~ Builenzorg, Java 869 6 36 S 106 47 E 3 203'24 do. 
143 Tjandjoer. Java 1542 6 49 S 107 8E 3 11410 do. 
144 Talaga P., Java 5105 7 10 S lu7 25 E 2 167'01 do. 
145 Soekawana. ,Tava 5062 645 S 107 38 E 3 115'95 do. 
146 Soemedang. Java 1450 6 508 1U7 57 ~] 2 122'09 do. 
147 Manondjaja, Java 810 7 20 S 108 20 ~E 2 131'34 do. 
148 Tjilntjap, Java 0 7 44 S 109 OE 2 161'64 do. 
149 Kedon)( K., Java 148 7 418 110 2E 3 115'16 do. 
loU Madjalengka, Java 472 6 48 S 108 15 g 2 138'43 do. 
151 Tegal. Java 0 6 51 S 109 8 E 3 77'72 do. 
152 Pekalongan, Java 0 6 53 S 109 40 E 3 104'97 do. 
153 Pelanloengan, Java 2273 7 68 109 59 E 3 192'9H do. 
104 8emarang, Java 13 6 58 S 110 25 ~] 3 90'91 do. 
155 Relllbang. Java 0 6 45 S III 20 E 3 56'30 do. 
156 Toeban, Java 0 6 528 112 5E 3 62'80 do. 
157 Oenarang, Java 1027 7 88 110 23 E 3 206'16 do. 
158 Willem 1., Java 1562 7 16 S I LO 24 E 3 99'81 do. 
159 8alatiga, Java 1933 7 20 S no 30 E 3 117'72 do. 
160 Mageiang, Java 1257 7 29 S no 13 E 3 137'13 do. 
161 Djokjokarta. Java 3'll 7 488 110 21 ~; 3 95'79 do. 
162 Patjitan, Java 23 8 12 S 111 5E 2 79'10 do. 
163 I{latten, Java 692 7 428 110 35 E 3 91'85 do. 
164 Bojolali, Java 1300 7 32 S 1I0 35 E 3 127'56 do. 
165 8oerakarta. Java 302 7 34 S LlO 49 E 3 95'Oe do. 
166 Madioen, Java 220 7 378 Lli 31 E 2 69'96 do. 
167 :'\gawi, Java 203 7 24 S 111 26 ~] 3 90'83 do. 
168 Malang. Java 1476 7 57 S 112 :38 E 3 97'05 do. 
169 Modjukerto, Java 95 7 28 S 112 25 E 3 73'3L do. 
170 Soerabaja, Java 0 7 148 112 44 E 3 73'00 do. 
In Grissee, Java 0 7 108 112 39 E 3 69'06 do. 
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Mean Annual Rain-/all fO?· variou8 Station8. 
-~--.----~----------.---

No. Station. Elev. Lat. Long. Years RaIn. Authority. feet. Obs. Inches. 

172 Pasoeroeau, Java 13 I{ 38 S Ii:! 561<, 3 57'92 Dr. P.A. Bergsma. 
173 Probolingo, .Java 33 7 44 S 113 13 E 3 50'20 do. 
174 Loemadjang, Java 177 8 7 S 113 14 E 2 68'35 do. 
175 Besoeki, Java 7 43 S 113 41 1<, 3 52'28 do. 
176 Sitoebtmdo. Java 262 7 41 S 114 2 E 3 50'95 do. 
177 Maesau, Java 1214 8 OS 113 50 g il 109'65 do. 
178 Banjoewaugi, Java 16 8 13 S 114 23 E 3 58'98 do. 
179 Bangkalan, Madoera 16 7 2S 112 44 E 3 84'33 do. 
180 Pamekasan, Madoera 0 7 10 S 113 30 g 11 70'12 do. 
181 Soemenep, M"doera 0 7 3 S 113 54 I<J 3 68'23 do. 
182 Telok. B., Sumatra 0 5 26 S 105 16 E 3 89'68 do. 
183 Benkoelen, Sumatra 0 3 47 S 102 14 E n 124'41 do. 
184 Padang, Sumatra 0 o 58 S 100 25 E 3 182'24 do. 
185 Loeboeselassi. Sum. IOn o 57 S 100 38 I<J "2 150'28 do. 
186 Solok. Sumatra 1234 o 48 S 100 40 E 3 90'32 do. 
187 Padang P., Sumatra 2560 o 30 S 100 110 E 2 211'14 do. 
188 Fort de Kock, Snm. 3041 o 21 S 100 28 E 3 81'22 do. 
189 Pajakombo, Sumatra 163n o 15 S 100 47 g 3 86'42 do. 
190 Ran, Sumatra 977 o 32 N 100 liE 2 87'88 do. 
191 Padang S., Sumatra 929 1 23 N !l9 15 E 2 107'21 do. 
192 Siboga. Sumatra 0 1 44 N 98 46 g 3 187'87 do. 
193 Singkel, Sumatra 0 2 17 N 97 45 E 3 180'62 do. 
194 Kotta Radja, Sumatra 0 5 32 N 95 20 E 3 69'18 do. 
195 I<~di, Sumatra 0 5 53 N 97 46 E 2 83'19 do. 
196 Agnieta P., Sumatra 4 9N 98 9E 2 100'08 do. 
197 Koeala, S., Sumatra 418 N 98 3E 2 99'41 do. 
198 Medan, Sumatra 46 11 35 X 9841 E 2 95'20 do. 
199 Medan Po, Sumatra 46 3 35 N 98 41 J<~ 3 87'96 do. 
200 Sipoet. Sumatm 3 30 N 98 38 E 2 122"44 do. 
201 Bengkalis, Sumatra 0 1 28 N 102 6E 2 105'32 do. 
202 [)jarn bi, Sumatra 1 35 S 103 36 E 3 102'09 do. 
203 Palembang, Sumatra 2 59 S 104 45 E 3 120'16 do. 
204 Tebing T., Sumatra 3 36 S 103 4E 2 126'07 do. 
205 BHndar, Sumatra 4 5S lOB 22 I<J :I 125'51 do. 
206 Lahat. Sumatra 348 S 103 31 E 2 151'02 do. 
207 Tandjong P., Riouw 0 o 56 N 104 25 E 3 105'79 do. 
208 Muntok, Bangka 0 2 3 S 105 9 F- 3 132'64 do. 
209 Tandjong P., Billiton 0 2 45 S 10? 33 E 3 129'84 do. 
210 ::;ingkawang, Borneo 0 o 55 N 108 59 E 2 1l1'56 do. 
211 Pontianak, Borneo 0 IN 109 20 E 3 121'58 do. 
212 Sintang, Borneo 0 7N III 32 I<~ 2 147'01 do. 
213 Bandjerrnasin, Bor. 3 19 S 114 35 F- 3 97'99 do. 
214 Pengaron, Borneo 3 15 S U5 15 E 2 102'9~ do. 
215 Amoenthai, Borneo 2 15 S 115 10 E 2 97"52 do. 
216 Barabei, Borneo 217S 115 16 E 2 115'16 do. 
217 Makassar, Celebes 0 Ii 8S 119 24 g 3 131'81 do. 
21& Pangkudjene, Celeb. 0 4 51 S 119 32 E 2 154'29 do. 
219 Balang N., Celebes 0 5 7 S 120 14 E 2 101'42 do. 
220 Menado, Celebes 13 I 30 N 124 50 J<] 2 98'86 do. 
22] TE'rnate IFland 10 o 47 N 127 22 E 2 93'51 do. 
222 Arnboina Island I) 3 42 S 1~8 III E 3 165'44 do. 
223 Banda Island 0 432 S 129 53 E 3 117'92 do. 
22~ Timor K. Island 49 10 10 S 123 34 E 2 52"36i do. 
225 Kuka, Cen. Africa -- 13 10 N 1430 E 33'00lGuyot's Phy. At!. 
226 Christiansb'g, W. Af. 5 24 N 010 W 144'001 do. 
227 Gabun, W . .Africa 287 o 25 N 935 B 4 94,17 Zeitsch .. xvi-xvii. 
228 Chinchoxo. W. Africa 39 5 9S 12 aE 2 42·41!A. v Danckelmall. 
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Mean Annual Rain-fall for 'Va?-i01lS Stations. 
---

No Station. 

Palmerston, 8. Aust. 
Southport, 8. Aust. 

I Yam Greek, 8. Aust. 

229 
230 
23 
2:12 
233 
234 
235 
231 
2~7 

238 
239 
240 
24 
24-2 
243 
24.4 
24 
24 
24 
24 
249 
25 
25 
252 
253 
254 
25;, 
256 
25 
258 
259 
260 
26 
262 
263 
264 
265 
266 
267 
268 
~69 
270 
271 
272 
273 
274 
27ii 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 

Pt.Macquarie.K.S.W. 
Kurraj. Hts., N.S.W. 
Sydney, N.8. W. 
Botany, N.8.W. 

j Cordeaux R., N.S.W. 
Cape St. Geo., N.8.W. 
~lilton, N.S.W. 
Pine Creek, 8. Anst. 
R. Katherine, S.A ust. 

1 Daly Waters. S.Aust. 
Melrose, 8. Aust. 
PewseyVale. S. Aus. 
:lit. Pleasant, 8. Aust. 

5 Gummeracba, 8. Aus. 
6 Charleston. S. Aust. 
7 Mt. Lofty, S Aust. 
8 ~It. Barker, S. Aust. 

WHlnng-a, S. Aust. 
II Yanka.!illa, 8. Aust. 
I Penola, 8. Aust. 

~It. Gambier, S. Aus. 
C. N'lhulTlberl'd, 8.A. 
Maryland, N.S.W. 

- Tenterfield, N.8.W. 
Grafton. N.~.W. 

7 Armidaie, N.S.W. 
Mudgee, N.8. W. 
W. Maitland, N.S.W. 
Newca8tle, N.8.W. 

110range, N.8.W. 
Mt. Victoria. N.8.W. 
Windsor, N.8.W. 
Young, N.8.W. 
Mossvale, N.S.W. 
Goulburn. N.S.W. 
Albury, N.S.W. 
gden, N.S.W. 
Kooringa, 8. Aust. 
Bungaree, 8. Aust. 
Clare, S. Anst. 
Auburn, 8. Allst. 
Wallaroo, 8. Aust. 
Kapllnda, 8. A nst. 
Gawler. S. Aust. 
Adelaide, S. Aust. 
Strathalbyn, S. Aust. 
Goolwa, 8. Aust. 
Meningie, 8. Aust. 
Robe, S. Aust. 
Bourke, N.S. W. 
Narrabri, N.8.W. 
Wilcannia. N.S.W. 
Cassilis, N.S.W. 
Scone, N.S.W. 

F;lev. Lat. feet. 
---

70 12 268 

-- 12448 

-- 13 298 

-- 31 258 

-- 3~ 338 

-- 3:1 518 

-- 33 568 

-- ~4 198 

-- 35 12 S 

-- :15 14 R 
. - 13 528 

- 14 2:18 

-- 16 17 S 

-- 32 46 S 

-- 34 36 S 

-- 34. 468 

-- 344.7 S 
-- 34588 
-- 35 O~ 

-- 35 4S 

-- 35 188 

-- 35 258 

-- 37 218 
130 37 468 
117 38 48 
-- 21l :368 

-- 29 58 
-- 29 43 S 

-- 30 348 
- - 32 358 
_ .. 32 478 
-- 32 55 S 

-- 33 188 
-- 33 368 
- - 33 368 
- - 34 188 

-- 34 32 S 

-- 34 45 S 

-- 36 68 
-- 37 OS 
-- 33 428 

-- 3344S 

-- 33 5() 8 

-- 34 28 

-- 33 548 
- - 34 20 S 
-- 3435 S 

-- 34 57 S 
-- 35 16 S 

-- 35 298 
-- 35 418 
- - 37 38 
.. 30 il S 
-- 30 20 S 

-- 31 31 8 
-- 32 OS 
-- 32 48 

Long. YeaTs. Rain. Anthorlty. Ohs. Inches. 
----

do 52 E 10 63'69 Todd's Met. Obs. 
Ull o E 4. 72'18 do. 
131 35 1<~ 4 54'43 do. 
152 54 ~J 16 63'75 Russ. ~ret. Ob~. 
150 4-5 E 13 53'90 do. 
151 12 E 22 51'46 do. 
151 12 E 11 53'30 do. 
150 44. E 9 59'89 do. 
150 45 g 14 56'12 do. 
150 20 E 4 50"52 do. 
131 56 E 4 46':18 Todd's Met. Obs. 
132 17 E 4 43'91 do. 
133 29 E 4 31'66 do. 
138 8E 12 2682 do. 
138 58 E 4 28'40 do. 
1119 3E 4 ~7'62 do. 
138 55 E 11 32'94 do. 
138 51 I~ 15 32'99 do. 
138 43 E 21 42'37 do. 
138 51 E 19 29'59 do. 
138 31 E 18 26'66 do. 
138 19 E: 12 27'12 do. 
14.0 50 E 19 28'25 do. 
140 46 E 19 31'80 do. 
140 39 ~J 13 28'03 do. 
152 5E 11 34'80 Russ. Met. Obs. 
H,2 4E 10 31'07 do. 
152 56 ~J 10 36'90 do. 
151 46 E 16 35'62 do. 
149 35 E 9 26'74 do. 
151 35 E 12 35'37 do. 
151 50 E 19 47'64 do. 
149 9E 10 39'18 do. 
150 15 E 8 37'47 do. 
150 49 E II! il3'ell do. 
148 21 E 8 28'66 do. 
150 23 E 8 45'45 do. 
149 45 E 17 26'79 do. 
147 OE 17 28'03 do. 
149 59 ~; 12 39'29 do. 
138 59 E 21 17'45 Todd's Met. Obs. 
138 ill E 20 21'61 do. 
138 37 E 18 24'93 do. 
138 38 E 15 24'50 do. 
137 38 E 15 13'59 do. 
la9 OE 19 20'25 do. 
138 4.5 E 18 18'97 do. 
138 35 1<J 41 21'31 do. 
138 55 E 19 18'84 dry. 
J38 47 E 16 17-21 do. 
1i19 I!-) E 15 19'27 do. 
139 42 E 19 24'69 do. 
145 58 E 8 1,,'45 RURS. lIIet. Obs. 
1·.1-946 E 11 24'45 do. 
143 23 E 8 U'09 do. 
150 '0 E 10 23'72 do. 
150 53 E 7 22'27 no. 
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]f[ean Annual Rainjall for various Sta,tions. 

I . ! Ji;lev.! Yet11'B Rain. 
No·1 StutJOll. feel. Lat. Long. Ob •. Inches. 

286iMuswellbr'k, N.8'W'I:-~I~~ 1'78 150' 5~ ;-7- --19-'0-0 Russ. Met. Obs. 

Authority. 

287 Dubbo, N.S.IV. __ 32 188
1

148 35 E 9 20'39 do. 
288 Bathurst, N.S. W. :. __ 133 24 S .149 37 E 19 24'62 do. 
289 Wentworth, N.S.W.! __ 34 8 S 142 0 g 10 11'55 do. 
290Waggawagga,:'<.S.Wi __ 135 88·

1
14724E 7 23'89 do. 

291 Murmy Downs, "' ! __ 3f> 168 143 41~; Hi 15'59 do. 
292·

I
Queanbeyan, N.S.V\".: __ 3li 208 14!l 15 E 10 23'91 do. 

293 Deniliguin, N.S. W. I .. ,;5 32 S 145 2 ill 20 16'50 do. 
294 Cooma, N.8.W. i __ 36 12 8 149 ~ J'; 16 19'09 do. 
295

1

iCharl. Waters, 8. Au.: __ 25 50 S 134 57 ], 4 8'83 Todd's Met. Obs. 
296 Peake, 8. Aust. __ 28 4 S 135 50 E 4 7'00 do. 
297 Strangw. SPI·., S. A. __ 29 11 S 136 33 E 4 6'12 do. 
298!8tuart's Creek, S. A. .. 29 45 S 137 5 g il 8'17 do. 
299 Farina, S. Aust. . _ 30 4 S 138 14 E 1 6'59 do. 
300 Arrowie, S. Aust. .. _ 30 53 S 1]39 19 ],: 3 7'49 do. 
301 Beltana, S. Aust. _ _ 30 58 S 138 27 E 4 8'32 do . 
. 302 Wirrialpa, S. Aust. __ 131 1 S 138 52 1,; 4 6'94 do. 
:)03 WintabSltingana," _ _ 31 20 S 138 IS E ] 8'60 do. 
304 Moonaree, S. Aust. __ 31 54 S 1135 34 E 2 9'44 do. 
305 Port Augusta, S. A. __ 32 29 S ,137 45 E 20 S'70 do. 
306 ~loorna, S. Aust. _ _ 34 9 S '141 42 g 3 7 '87 do. 
307 Paringa, S. Aust. _ _ 34 10 S 140 44 E 7 9'94 do. 
30S Goorimpa, :'<.S.W. __ :lO 22 S 144 I g 2 9':34 Russ. Met. Obs. 
309 Tarella, N.S. W. _ _ 30 55 S 143 0 E 4 9'67 do. 
310 Weinteriga, N.S.W. __ :)2 8 S 142 52~; 4 9'26 do. 
311 Teryawynia, N.S.W. __ 32 20 S 1143 20 E 4 9'99 do. 
312 Netler, N.S.W. __ :12 53 S 142 20 j<J 4. 9'04 do. 
313 Geraldton, W. Aust. _. 28 44 S 114 44 E 2 16'90 Fraser's .Met. Ob. 
314 Newcastle. W. Aust. __ ,ll 38 S 116 33 j<J 2 16'70 do. 
315 Northam, ·W. Aust. _ 31 41 S 116 45 E 2 11'30 do. 
316 York, W. Aust. __ 31 52 S 116 47 E 2 16'15 do. 
317 Guildford, W . .A.uHt. _ _ 31 55 S 115 56 E 2 38'25 do. 
31S Perth, W. Aust. __ 31 57 S )]5' 52 J~ 4 32'5S do. 
319 Freemantle, IV. Aus. _ _ 32 2 S 115 42 E 2 264" do. 
320 Pinjarra, W. Aust. __ 32 34 S 115 52 E 2 35'55 do. 
321 Banburg, W. Aust. -- 33 18 S 115 32 E I 2 41'!)01 do. 
322Vasse,W.Aust. __ 3332SI1l528E ~ 27'75 do. 
323 Albany, W . .A_u_s_t. _. ___ -=- _3_5_._0 _S _11_7 ._53_~ __ .~ 35'5[>' ~d_o_. __ _ 

servations from the interior of South America is very small, 
they seem to indicate that (with a few exceptions of limited ex­
tent) the entire central and northern pOl'tions of SOlltb America, 
east of the Andes, have a rain-fall exceeding 50 inches. The 
observations from Iquitos and San Antonio indicate a rain·fall 
of more than 75 inches for the eastern slope of the Andes; but 
many rnore observations are needed before the limits of the 
rain-fall of 50 inches and 75 inches can be satisfactorily assigned. 
In Europe the principal change is in Norway, tho;) area of 25 
inches rain-fall having been made too great on my former chart. 
In Oentral Asia I have made considerable change ill the curve 
of 10 inches rain·fall, but this curve is one which it is specially 
difficult to trace satisfactorily, partl'y on account of the scarcity 
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of observations, but especially because there are very extensive 
regions where the rain-fall does not much exceed 10 inches. 
Some change has been made in the East Indian Archipelago 
required by the three years' observations of Dr. Bergsma. 'l'be 
changes in Central Australia are explained by the fact that 
when I prepared my iormer chart, the observations which were 
available were few in number and most of them included a 
period of only one year. The observations since received 
appear to indicate that throughout the whole interior of Aus­
tralia, the avernge annual rain-fall is less than 10 inches. In 
Central Africa the present chart shows a greater rain-fall than 
the former one. Some of the changes are based upon noew 
observations, and others have been made in deference to the 
judgment of my critics. 

It is hoped that this revised rain-chart may be found less 
imperfect than the preceding. I do not expect, however, that 
it will be found perfect, and I urgently renew the request con­
tained in my former paper thf1.t if any person whose attention 
is attracted to this map should disc,wer in it serious defects, 
he will communicate to me the observations which indicate 
these defects. I propose hereafter to publish all additional 
observations of rain-fall which I may be able to obtain, so far 
as they indicate the necessity of changes in the present rain­
chart, and if this chart should be found greatly in errol', I 
intend to issue a revised edition of it. 

Relation of 1'ain-areas to area.s of low preS8ure. 

In former papers I have examined the cases in which a rain­
full of two inches ill eight hours has occurred at any of the 
stations of the U. S. Signal Service, and also the cases in which 
the aggregate rain·fall at all the stations was unusually great. 
This examination has shown a marked dIfference between the 
effect of a great rain-fall in the northern and southern portions 
of the United States. South of the parallel of 36° we find that 
a rain-fall of two inches in eight hours occurs four times as fre­
quently as it does north of that parallel, allowance being made 
for the difference in the number of stations. Also south of 36° 
these great rain-falls are not generally accompanied by any 
considerable depression of the barometer; but there is a cyclonic 
movement of the winds about the rain.area, accompanied by a 
small depression of the barometer. In a few cases the barome­
ter stands above its mean height; the cyclonic motion of the 
winds is not distinctly marked, and the winds seem to be con­
trolled by an area of high pressure prevailing north of 36°. 

In the northern portion of the United States, great rain-falls 
appear to be always under the influence of an area of low pres­
sure. The average distallce of the princi pal rain·centers from 
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the center of low pressure is nearly 400 miles; they ar6 geneI'· 
ally on the east side of the low center, and are most freqLwntly 
found nearly in the direction of the average pl'Ogresl'l of storm 
tracks. 'l'here is, then, an intimate connection hetween the rain· 
fall and the di rection of a storm'" progre!-'s; and the preci pi tation 
of the vapor of the air is apparently t,he ch ief sou rce of that main­
taining power which is necessary to snstain the action of violent 
storms. The direction of movement and rate of progress of an 
area of low pressure (10 not, howevel', depend simply upon 
the amount of rain·fall and position of the rain·areas within the 
lirnils of the area of low pressure, but al ... o upon the existing 
distl'ibution of pressure, tempemtnre and humidity not onl.Y 
within the limits 0f the storm, but throughout an extem,ive 
region surroundi ng it on all sides. 

In order to prosecnte this enquiry under dilferent geogmph­
ical influences, I have prepared tflbles showing for u series of 
years the prineipal raill·f"lls in EUl'Ope. I selected from the 
Bulletin of Int.ernational Meteo['fllogical Observations ull those 
cases in which a rain-full 01 two inches in twenty-four hours was 
reported at any station during the .years 1878, g' and 80. These 
cases are 233 in number, and the stations at which more than 
three cases of these great rain·falls occurred are shown in the 
following table. Column 2d shows the latitude of tbe station; 

Elev'n I No. of 
I 

Sta!ion. Lat. feet. Cases. Station. Lat. ~;~.::;~ r 8~se~: 
-------------- --------

- 48131- 6 Trieste ___________ 45' 39' 85 26 Puy de Dome _ . ___ 45° 4,1)' 
U dine ____________ 46 4 380 13 Mc>ncalieri. _______ 44 59 853 6 
Rochefort ___ . ____ 45 56 30 12 Pola ____ . ________ 44 51 

105

1 

6 
Genoa ____ • ______ 44 25 157 12 Corn. de Greasque _ 43 25 1056 6 
yalona ____ . ______ 40 21 - ~ -- 12 I Mondovi --------- 44 22 t824 5 
Pic du MidL ______ 42 16 7763 11 Oarcassonne ______ .. 3 13 384 5 
Santiago _________ 42 5H 8631 9 Bergen _____ . _____ 60 24 491 4 

column 3d its elevation in feet above the sea, and column 
4th the number of cases in which a rain-fall of two inches 
in twenty-four hours wus reported, at the station named. 

The twelve cases of heavy rain reported at Rochefort are 
believed to be erroneous. 'They all oCt:llrred in the six months 
from June to November, 1880, and the error is supposed to 
have resulted from the fact that the rai n-fa11 was measured in 
tenths of a millinleter, but was reported in such a way that 
the numbers were understood to represent millimeters, thus 
making the rain-fall ten times too great. Of the other thirteen 
stations, all but one are in the south of Europe, and show un­
equivocaliy t.he influence of local causes; two of the stations 
being on mountains and the others being in the neighborhood 
of mountains where the mean annual rain-fall is unusually 
great. 
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The following table contains a complete list of the cases for 
1879. Column 1st gives the number of reference; column 2d, 
the date of observation; column 3d, the station of heavy rain· 
fall; column 4th, its latitude; column 5th, its longitude from 
Green wlch; column 6th, its elevation (in English feet) above 
sea level; column 7th, the rain-fall in twenty-four hours ex­
pressed in English inches; column 8th. the height of the 
barometer, reduced to sp,a level; column 10th, the direction of 
the wind at the date of observation; column 9th, its direction 
twenty-four honrs previous; and column 11th, shows the direc· 
tion of the given station from the center of low pressure with 
which it is believed to have been associated. 

The average height of the bal'orneter at the time of these 
heavy rains was 29'8 inches, and in only twenty·six ca>:es was 
the barometer below 29'75 inches. In eleven cases the bamm­
eter at the station of greatest rain was above 30 inche:-l; but 
in eight of these eleven cases, although the barometer was 
above its mean height, it was from three-tenths to seven-tenths 
of an inch lower than it was in some other part of Europe. 
Also in eight of these cases, there was a low center within a 
distance of about 1000 miles where the barometer was from a 
half inch to an entire inch lower than it was at the station of 
2 inches rain-fall. Most of these eleven cases were therefore 
cases in which the illfiuence of a low center was felt to an un­
usual distance. There were however two cases (Nos. 54: and 
57) both on the same day, in which there was no considerable 
low center within a distance of 1000 miles, and these occurred 
in a region where a cyclonic movemAnt of the winds of limited 
extent w!\s formed between two centers of high pressure. We 
thus nnd that each of these cases of heavy rain occurred 
within an area where the barometel' was dt'pl~e~sed somewhat 
below its mean height, or where the barometer was relatively 
low when compared with neighboring areas of high pl·essure. 

Within these areas of low pressure there was generally a 
cyclonic movement of the winds. This is indicated by the 
change in the direction of the winds shown in columns 9th 
and 10th. It will be seen that in eight cases the wind changed 
1800 in twenty-four hours; in seventeen eases thtl wind changed 
1350 in twenty-foul' hours; and in twenty·eight cases the 
wind changed 900 in twenty-four hours. There are, however, 
twelve cases in which no change in the direction of the wind 
was reported during these twenty-four hours, viz: Nos. 2, 4, 51 
8. 18, 20, 41, 60, 64, 66, 68 and 73. In eight of these cases 
the low cell tel' traveled very slowly, and the direction of the 
low center from the rain center changed but little in twenty· 
four hours; two of the remaining cases occurred on the sum­
mit of a mountain about which there is presumed to have been 



12 _E. Loornis-Oontribut1:ons to ~Ietem'ology. 

Rain-j'all oj't'wo inches in 24 hours. 

~ Date. Station, 
I -Wind, -----

Long, Elev, Rain, Bar, E ~ 
Lat. fl'. Green. feet. inch's rcd'd. Prey. At 80 

observ, date, ""-
- 1879. --- --- --------

I Jan, 2 Trieste, Austria 4°5 39 t3 47 E 852'33429'82 Calm Calm SE 
2 4 Carlsrllhe, Germ, 49 I 8 25 E 4042'181 2961 SW SW SW 
3 6 Pic du Midi, France 42 16 0 8 E 77632'2411 3(l'22 NNW N ? 
4 7 Pic du Midi, France 42 16 0 8 E 7763 2'212 30'07 N N ? 
5 10 Valona, Turkey 40 27 19 27 E __ 3'94029'761' S S SE 
6 30 Trieste, Austria 45 3913 47 E 852'03530'09 E ENE NE 
7 Feb, 1 Nottingbam, Eng. 52 57 1 10 W 1742'77030'08 ESE SE N~~ 
8 9 Santiago, Spain 42 53 8 28 W 8633'0482951 S S SE 
\) 10 Santiago, Spain 42 53 8 28 W 8632'71329'38 S SW SE 

10 15 Trieste. A.ustria 45 3913 47 E 852'06329'51 Calm E NE 
11 15 Monach, Hebrides 57 30 7 40 W 1502'00029'21 E SRE SE 
12 15 Genoa, Italy 44 25 8 30 E 157 2'587 29'46 Culm N NE 
13 17 Mont Louis, France 42 31 2 7 E 52032'917 29'71 SSW WSW S 
14 Mar,22 Genoa, Italy 44 25 8 30 E 157 2'657 29'58 Calm S E 
15 23 Trieste, Austria 45 39 13 47 E 852'97629'5:1 E Calm NE 
16 26 Trieste, Austria 45 39 13 47~] 852'02829'83 ENE S E 
17 27 Trieste, Austria 45 39 1;1 47 E 853'511 29'63 SESE 
18 Apr, 3 Pit'du Midi, France 42 16 0 8 E 7763 2'il90 29'82 NW NW ? 
19 4PicduMidi,France42 160 8E 77632'4692995 NW N ? 
20 8 Nice, France 43 42 7 17 E 302'11029'47 S S SE 
21 8 Commune de Gr. 43 25 5 37 E 1056 2'252 29'47 SE N SE 
22 16 Trieste, Austria 45:19 13 47 E 85 2'063 29'69 S N NE 
23 21 Genoa, Italy 44 25 8 30~; 157 3'346 29'55 SW NE SE 
24 22 Udine, Italy 46 413 14 E 3802'25229-70 S SE SE 
25 29 Rome, Italy 41 5412 29 E 207 2'50829.69 W N SE 
26 May 10 Puy de Dome, l!'r. 45 46 2 58 E 48133'90629'84 NW NNW SW 
27 11 Cracow, Austria 50 420 0 E 721 2'46729'68 ESE NW NW 
28 20 Mondov~ Italy 44 22 7 48 E 1824 2'468 29'98 NNW W N 
29 24 Moncalieri, Itilly 44 59 7 41 1<; 8532'09829'91 SE N NE 
30 26 Mondovi, Italy 44 22 7 48 E 18243'37829'72 W WNW N 
31 27 Mondovi, Italy ,14 22 7 48 E 18242'091 29'69 WNW N SE 
32 28 Szatbmar, Austria 47 4922 51 E 430 2'05!J 29'88 E SW SE 
33 June 8 Santiago, Spain 42 53 8 28 W 8632'241 29'82 SSW W SE 
34 10 B;peries, Au~tl'ia 48 5821 15 E 8202'04529'90 BE NW BW 
35 18 Hamburg, Germ, 53 33 9 58 E 663'366 29'62 SW S SE 
36 July 2 BesanQon, France 47 14 6 1 Fl 8302'06729'97 SW SSW SE 
37 14 Xismes, France 43 51 4 21 E 187 2'760 ~9'95 S N SE 
38 14 Geneva, Switz, 46 12 6 8 l~ 1339 2'551 29'90 NE SW SE 
39 Aug. 3 Cambridge, Eng. 52 12 0 8 E 88 c,'180 29'86 b~ SE NE 
40 3 Cardington, Eng. 52 8 0 27 W 1092'00029'84 E SE NE 
41 10 BesanQon, France 47 14 6 1 E 8302'42130'08 S S ? 
42 17 Trieste, Austria 45 39 13 47 E 85 2'021) 29'89 ESE E SR 
43 17 Barcelona, Spain 41 23 2 11 E 98 2'908 29'99 SE SSW NE 
44 18 Gratz, Austria 47 415 28 E 11713'544 29'86:;>\E SE SE 
45 18 Hermannstadt, Aus 45 4724 13 E 13552'15029'71 WNW WNW SE 
46 Sept, 2 Bergen, Norway 60 24 5 18 E: 492'401 2972 NW S NE 
47 9 Christiania, Nor. 59 5510 44 E 1342'043 z9'50 ENE SSW NR 
48 In Urnea, Sweden 63 5020 17 ~~ __ 2'38929'42 SE N NE 
49 15 Carcassonne, Fr, 43 13 2 21 E 3842'21729'90 E W S 
50 15 Commune de Gr, 43 25 5 37 E 1056 2 170 2f)'96 SW SE SE 
511 15 Marseilles, France 43 18 5 23 E 2463'051 29'88 SE E SE 
52 16 Marseilles. France 43 IH 5 23 E 246 6'26i 29'91 1~ EST<; BE 
53 ] 8 Pola. Austria 44 51 13 53 E 105 2'028 29'97 ESE WNW SE 
54 25 A vignon, France 43 57 4 38 E 66 5'836 3009 E N NW 
55 25 Milan. Italy 45 28 9 11 E 482 2'599 29'99[ NE 1<] NE 
56 25 Christiania, Nor, 59 55 10 44 E 1343'08329-86 SSE SSW SbJ 
57 25 Zurich, Switz. 47 22 8 33 E 15422'04730'21 S W NE 
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Rain-fall of two inches in 24 hours-continued. 

o I I Long. Elev·1 Rain. Bar. Wind. § ~ 
Z Date. Station. Lat. fro Green. feet. Inch's red'd. Prevo I At ~£ 

1-------1-- ohserv' l date. 

~ S~~~926 Pola, Austria 44 5'1'1'3 53 E 10513'96229'85 SSE IWSW NE 
59 28 Nice, France 43 42 7 17 E 302'322130'07 E ESE NW 
60 Oct. 1 Santiago, Spain 42 53 8 28 W 863 2'091130'03 SW SW SE 
61 16 Brono, Norway 65 3012 0 E 362'08729'80 NE SW NE 
62 17Cosenza.ltaly 39 18i615E 8402'19729'78 SE NW SW 
63 18 Pola, Austria 44 51 '13 53 E 105 2'()08 129'85 WNW SSW SE 
64 21 Carlsruhe, Germ. 49 1 8 25 g 4042'020'129'79 SW SW SW 
65 23 Valona, '1'urkey 40 2719 27 E __ 2'36029'88 SE I N SW 
66 28 San Fernando, Sp. 36 28 6 13 W 952'13429'81 S S SE 
67 29 CarcaEsonne, ]<'1', 43 13 2 21 E 3842'106'129'85 ESE E NE 
68 29 Perpiguan, J!'r. 42 42 2 54 E 98 2'102 29'86 SE SE NE 
69 29 ~an b'ernando, Sp. 36 28 6 13 W 953'18329'78 S SE S 
70 Nov. 1 Campo Major, Por. 39 2 6 59 W 9452'29629'79 ESE SSW E 
71 2 Genoa, Italy 44 25 8 30 E 1572'12629'80 SW S NE 
72 20 Genoa, Italy 44 25 8 30 E 157 3'165 29'88 NW NE :-IE 
73 25 Helston, Eng. 50 5 5 n W __ 2'40030'32 E E NE 
74 28 Santiago, Spain 42 53 8 28 W 8632'02429'30 NE I SSE N 
75 Dec, 4 Genoa, Italy 44 25 8 30 E 157 2'539'\29'53 NE N SE 
76 15 Bergen, Norway 60 24 5 18 E 492'500 30'2!1 SSE SE SE 

a cyclonic movement of the winds nearly stationary as will be 
shown hereafter. In No. 2 there was a small barometric de­
pression about 200 miles distant on the nOl'th side, and about 
this center there was a decided cyclonic movement of the 
winds. It seems pl'Obable that there was some change of wind 
at Carh'ruhe during this period of twent.y-four hours. In No. 
41 the winds in France were light and a cyclonic movement of 
the winds was formed neal' Besan<{on resulting in a great rain­
fall, but without an.y appreciable effect upon the barometer. 
We therefore conclude that each of these caRes of great rain­
fall (with peI'haps one or two exceptions) occurred within an 
area of preS'lure somewhat below the mean, or at least a' pres­
sure relatively low, and that there was a cyclonic movement 
of the winds about this low center. 

In order to show the position of these heavy rain-falls with 
respect to the centers of low pressure, I have prepared a chart 
of all these cases for 1879 similar 1.0 Plate I, which accom­
panied my seventeenth paper. Column 11th of the pl'ececling 
table shows the quadrant in which each of these rain oenters 
was situa.ted, except that in a few cases the direction corre­
sponded very nearly with one of the cal'dinal points, and this 
is indicated by the letters N, E, or S. There are also five 
cases marked with the character? which will be considered 
hereafter. The following is a summary of the number of cases 
of great rain-falls for each of the four quadrants about the 
center of low pressure: 

Northeast. 
22 

Southeast, 
31 

Southwest, 
6 

Northwest. 
3 
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'l'he three cases in which the great rain·fall took place on 
the N.W. side of the low center are Nos. 27, 54 and 59, May 
11th tbere was a low cellter (29'31) about 200 miles southeast 
of Cracow, and during the precedil~g twenty·four hours the 
low center traveled only 275 miles, which is considerably less 
than the average velocity in I.his part of ELll'ope for the month 
of May. Sept. 25th there was a high barometer (130'58) at Mos­
cow, and another high (30'39) over Spain. Under the influence 
of these two areas of high pressure, a system of cyclonic winds 
was formed about the southeast part of France, resulting in a 
heavy ruin-fall at various places in Switzerland and Northern 
Italy as well as at Avignon. This movement of the winds 
caused a considemble depression of the barometer (29 83) which 
was central over Northern Italy on Sept. 20th. A Ithollgh the 
heaviest ram-fall may have occurred on the northwest side of 
this low center, very heavy rain also occurred on the north­
east side of the low center. Sept. 28th there was a low center 
(29'80) southeast of Nice, and distant about 500 miles. Dur­
ing the preceding forty-eight hours, this low center traveled 
only 400 miles, or about eight mileR per hour. Cases No. 27 
and 59 appear to have been similar to that of Aug. 12, 1880, 
in Austria, where the principal rain·fall was on the west side 
of the low center and the low center remained nearly station· 
ary for several days. It seems natural to conclude that the 
low center remained stationary because the principal rain-fall 
was on its weHt side. 

1'he six cases in which the grt'at rain· fall took place on the 
S.W. ~ide of t.he low ceuter are Nos. 2,26,34,62,6-:1: and 65. 
Jan. 4th Carlsrllhe was situated on the S_ \V. side of a low 
center (2913 inches) at a distance of nearly 1000 miles j but 
on the 3d of Jan uary there was a decided cyclonic movement 
of tbe winds about tbe southern portion of the North Sea, 
accompanied by a Hlight depression of the barometer on the 
nOl,tbwestern side of Cal'/sruhe, and the great min-t:,]] at Cnl'ls· 
ruhe was probably the result of this local movement rather 
than the effect of that distant area of low pressure on the 
nort.hcltst side. No. 26, May 10tb, was Rimilar to the preced­
ing case. A cvelonic movement of the winds covering nearly 
the whole of France was very decided, although the principal 
center of low pl'eS~l1l'e was distallt 800 miles on the east side. 
No. 34, June 10t:1, was al"o similar to the preceding, the wind 
at Eperies baving been S.E. June 9th and N.\V. June 10th. 
No. 62, Oct. l7tll, pres(mts anoti1er similar case. The wind at 
Cosenza was S.E. on the 16th and N. W. on the 17tb. In No. 
64, Oct. 21st, rain was ver'y genel'al throughout nearly the 
whole of EUl'ope, and it appal'ently resulted not so much from 
the existenc.:e of an area of low pre~sure over the Bal tic Sea, 
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as from local cyclonic winds prevailing over Northern Italy 
and Austria, although the obsel'vations do not show any such 
systE'm of winds near Carlsl'uhe. In these five cases the great 
rain-fall occurred at a distance of from 600 to 800 miles from 
the center of the low area in which it was included. In my 
seventeenth paper I have shown that in the United States, 
when a heavy rain-fall OCellI'S at a distance of more than 500 
miles south of a low center, the rain fall has apparently very 
little influence upon the direction in which the low center 
advance8~ or upon its rate of progress. A similar remark is 
applicable to Emope. In these five cases the rain-fall ap­
peared to have very little influence upon the center of the 
principal low area in which the rain center was situated; but 
in four of the cases a subordinate low center was formed near 
the rain area. In the other case (No. 34) the local effect uopn 
the barometer was not distinctly marked. In No. 65, Oct. 
23d, the low center was about 100 miles N.E. of Valona. On 
the 22d the winu was S.E. and l'30 inch of rain was reported; 
on the 23d the wind was north and 2'36 inches of rain were 
reported. The observations do not clearly show whether this 
rain fell chiefly before or after .the change of wind. 

Of the five cases in the table which are marked with an ? in 
column 11th, four occurred on the Pic du Midi. In each of 
these cases there were indications of a cyclonic movement of 
the winds around the Pyrenees. This is seen by comparinO' 
the direction of the winds at the nearest stations of observ; 
tion on difler'ent sides of the mountains. The following table 
shows the fOUl' cases of 1879 and also all the cases in 1878 and 
1880, in which the precipitation at this place amounted to two 
inches of water in twenty-four hours. 
--

~I 
0 :B .§~ ~oJ ... .; ,J, • dl ;,. 
01 g"S 01'" 

Dnte. .0 of C):9 .. '" "" "d 
~~ ... " ~~ ... " iil i! :;::::a ::aoS = .. .... 

0'" ~----- --
I 1879. Jan_ 6NW W N NW NW NW NE E 
2 Jan. 7NW SSW N W WNW NE E E 
3 April 3NW W NW W W W NE SE 
4 April 4 NW W N NW NW W N S 
5 18~8. Mar. 25 NW WSW NW WNW WSW W NW NE 
6 Dec. 2NW - . NNE WNW SW E N WNW 
~ 1880. April 3 SW NW S W \VSW W NE S 
8 April2~ ~W W NNE N WNWWNWNW E 
9 May 6NW W NI~ SJ<; WNwl E NW S 

10 May 7NW W W N~W W W NW ssW 
11 Sept. 20 ~W W W NW W'SW W NE I SSJ<; 

In 1880, the direction of the wind on the Pic du Midi was 
not J'epmted, and the winds shown for that station in 1880 are 
the direction,.: of the lower clouds. At Mont Louis the lower 
clouds were reported from S. in case 1; from S.E. in case 
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6; from E. in case 8, amI from E. in case 10. At Carcas­
sohne the lower clouds were reported from E. in case 2. In 
most of these cases the evidence of a cyclonic movement of 
the winds is verv distinct. The ohservations at Barcelona 
indicate a cyclonic movement about the eastern portion of the 
Pyrenees in nine of the cases; the observations at Perpignan 
indicate such a movement in five (If the cases; the observa­
tions at Carcassonne indicate such a movement in three of the 
cases; the observations of the clouds at Mont Louis indicate 
such a movement in four of the cases; and the observations 
on the Pic du Midi indicate such a movement in four of the 
cases. For the eleven cases we may conclude that in eight of 
them the cyclonic motion of the winds is distinctly marked; 
while in three of them the evidence is not entirely clear. No. 
41 occurred where the barometer was near its normal height 
and was situated between two areas of low pressure. A local 
circuit was formed near Besanyon, resulting in a great rain-fall, 
but without any appreciable effect upon the barometer. 

Oyclonic movement of the winds about Trieste. 

"" '¢ <Ii g 2i a ... d " .; <Ii 
'" !i 

".~ 
0 

" " " 1l! ,9 ~ " Date. ,," "" ~ " '" '0 .. t;, ooS " " .. " '" " ;:;! 0 ~ I'< p.. P ... p.. c!) ~ 
;:;! 

'k 
a~ 
,,~ 

~~ 
- ---- ---- - --

18'19." ----------

I Jan. 2 ESE NE W SW NW B Calm Calm S WNW NW WNW 
SSE E ENE 2 30 ENE NW SBF. W NF. N BE ENE ENE 

3 Feb. 15 NNW WSW NNE SE NE SE NE g SE WSW E NE 
4 Mar. 23 W NW SE E NE N SE Calm SE SW BE E 
5 26 E W ESE SE NNE E E S S~~ S E ENE 
6 27 SSE NNW S NW NNE XW E E W E E ENE 
7 April 16 ENE SW E I~~ N N SW N SE WSW SW NE 
8 Aug. 1~ WSW NW I~SE S SE SE SE E S NE SW W 

1878. 
9 April 24 NXW SW NE BE XNE E E ENE SE SW SE SE 

10 May 8 W XW F, WSW SW W S SW SSW XW SW W 
11 25 SSE NE NE SW gNE SE S Sf<} BE SW SW WNW 
12 June 5 SSB; N SW W E SW SE Calm SSE SSW NE W 
13 15 SSW RNE N SW BE S SW E S ESE NE WSW 
14 July 26 SSW NW -- WSW NNE NE N ESE Calm E NW W 
15 30 NE NE -- W SE E Calm NW SE NE XE W 
16 Sept. 15 SW NW SE SE ]";NE W Calm Calm NF. E NE Calm 
17 20 NW N ESE NW Sl<J NE -- W SE SW NE Calm 
18 24 NNW NW E E NE -- E SS]<; SE S NE W 
19 Oct. 9 SE N E ENI~ E -- E Calm SSE E NE Calm 
20 14 SSE W W WNW ENg NW NE HNE ENE ENE XE ENE 
21 21 NNW NW ENf<} SE N E Calm Calm S S SW ENE 
22 Nov. 14 NE SE W SW S NW N SW SSE Ng NE W 
23 Dec. 1~ gNE Calm NE N N W NE Calm SSE S SW Calm 

1880. 
24 July 31 NNW WNW S S NNW NE SW N SE S NE WSW 
25 Sept. 20 I!~NE NE ESE SSE H S SW SW SSW SE NE WNW 
26 Dec. 18 N WNW N ENE N S SW Calm SSE SSW E ESE 
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In neady all of the other cases in the table, the evidence of 
a cvclonie movement of the winds about the rain center i::; 
equa)]y clear. In order to give a more distinct idea of the 
nature of the evidence, I subjoin the preceding table showing 
the direction of the winds at a few of the stations near Trieste 
at the time of the rain-fall of two inches at the latter place. 
The table shows all the cases which occurred at this station 
during the three years 1878, 1879 and 1880. 

In nearly all of these cases the evidence of a cyclonic move· 
ment of the winds about a center not far from Trieste is un· 
equivocal. The cases which appear most doubtful are Nos. 1 
and 10. In No.1 we find south winds at Pesaro and Polo. 
opposed b.y northwest winds at Padua and Agram, which 
affords pretty good evidence of a cyclonic movement. In the 
case of No. 10 the low center was on the east side of the stations 
shown in the table; but at several stations farther east, the 
winds blew from an eastern quarter. 

The preceding discussion appears to me to warrant the fol­
lowing conclusions. 

1. Cases of very heavy rain-fall in Europe almost invariably 
occur within or near an area of low pressure, but a great rain· 
fall is frequently du~ to .a local oyclone of moderate extent 
formed within or ncar a large area of low pressure. This 
remark applies not merely to those cases in the table in which 
the rain·center was on the west side of the center of low pres­
sure, but also to many of the cases in which it was on the east 
side. Whenever the movement of the winds about a center of 
low pressure is feeble, there frequently results a local disturb­
ance attended by a cyclonic motion of the winds and a con­
siderable precipitation of vapor; and this is generally associated 
with a subordinate area of low pressure which sometimes ex­
tends and attains considerable magnitude. In many cases, this 
precipitation of vapor appears to be due to the influence of 
mountains by which the air when set in motion is deflected 
upward. 

2. These rain-falls most frequently occur on the east side of 
an area of low pressure. In 1879, the cases in which a heavy 
rain-fall occurred on the east side of a low center, were nearly 
six times as numerous as those on the west side: and even if 
we count all those cases marked N or S, as baving occurred on 
the west side of the low center, we shall still find the cases on 
the east side to be nearly four times as numerous as those on 
the west side. 

S. Nearly four-fifths of the cases enumerated in the table on 
page 12 occurred at stations south of lat. 48°, so that the con­
clusions above stated apply primarily to southern Europe, and 
we cannot fail to notice a marked correspondence between the 

AM. JOUR. SOl.-THIRD SERIES, VOL. XXV, No. 145.-JANUARY, 1883. 
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effects of a heavy min-fall in southern Europe, and in the 
southern part of the United St:.ttes. In both countries the 
influence of a great rain-fall upon a center of low pressure is 
generally not very decidedly marked; while in the northern 
part of the United States, this influence is generally quite 
obvious and decided. In the United States, the parallel of 36° 
generally forms 11 satisfactory dividing line between these two 
classes of cases; but in Europe this dividing line is found in a 
much higher latitude, perhaps near the parallel of 48°. I have 
made an extensive collection of cases of heavy rain in Europe, 
north of this parallel, and have found 11 close correspondence 
with cases of beav.y rain in the United States, north of the 
parallel of 36°. For the year 1880, in northern Europe (em. 
ploying all cases in which the rain-fall amounted to as much as 
one inch in 24 hours), the rain-center occurred on the east side 
of tbe center of low pressure more than four times as frequently 
as it did 011 the west side; the rain-center was found in the 
northeast quadrant as frequently as in the southeast quadrant; 
the cases of one inch rain-fall in the northwest quadrant were 
only three in number, and in neither of these cases was the 
rain-center distant from the center of low pressure more than 
150 miles. For all the cases in 1880 in northern Europe, the 
average distance of the rain-center from the center of low pres· 
sure was 420 miles, and the average pressure at the center was 
740 millimeters or 29·13 inches. 
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