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GOVERNMENT NOTIFIC :\TION.——NO. 33.

The tollowing Report of the Director of the Observatory for 1897 is published.

By Command,

J. H. Stewart LoCKHART,
Colonial Secretary.

Colonial Secretary’s Office, Hongkong, 29th January, 1898.

HoneKo¥e OBSERVATORY,
15th January, 1898.

Sik, —I have the honour to submit my annual re ,)01' t for 1897 to His Excellency the Governor.
My thirteenth volume of * Observations and Researches ” was published at the end of last year. My four-
teenth volume is now ready. [t contains the third edition of ““ The Law of Storms in the Far East,”
which was finished in 1896. The typhoons about which little was known in 1883, when the Obser-
vatory was built, have since been so thoroughly investigated that they are now among the best under-
stood atmospheric disturbances in the world, and it is almost certain that any amount of further
investigation based on observations made here or on board vessels at seca would add nothing whatever
to our knowledge.  For further contribusions to this branch of science we must now look to experi-
ments made in physical laboratories in Europé and America and to analytical investigations based upon
such experiments.

2. During my absence on leave duaring the swmmer and autumn Mr. F. G. Free acted for me,
and I found everything in vood order on my return.  Mr. Frao Lius iovestizated the typhoons of 1897,
bat has not met with any new facts.  Although some of the typhoon-paths that occurred in 1897 are
rave, they had occurred before.  Early Jast year the Munager of the Hastern Extension, Australavia,
and China Telegraph Company requested me to arrange a code for transmitting meteorological obser-
vations and inforination about typhoons. In submitting a cole, as desived, I explainel that the cir-
cumstances obtaining out here were such as to preclude any advantaze being obtuinel from any cole
as far as the transmission of the observations was concerned. Later, during thﬂ autumn, the Manager
adopted my views and arranged with Mr. Fiee’s assistance a code for transmitting storm-warnings
only. This code las been pubhshei by Mr. Fiee by order of the Government, and has been adopted
by the Telegraph Company.

The comparison of the weather forecasts, issued daily about 11 a.m., with the weather sub-
sequently experienced has been conducted on the same system as last year (Comp. Annual Report
for 1896 § 5). We have:

Success 65 ¢, partial success 31 ¥, partial failure 8} 7, total failure § %.

Following the method used in meteorological offices and taking the swm of total and partial
success as a measure of success, and the sum of total and partial failure as a measure of failure, we

find finally that :—
96 % of the weather forecasts were successtul.

4. At the beginning of February, 1897, the storm-signals, invented by Admiral Frrzroy in 1861,
were introduced in Llo'wmno and the typhoon-gun was fired when the drum was hoisted.—On the
14th September at 9 p. the North Cone was hoisted. It was blowing N by E 5 at the time. The
maximum wind force (11) was reported from Gap Rock on the l/th at 6 p.  On the 18th at 5.30 a.
the Cone was lowered.—On the 5th October at 11.15 a. the North Cone was hoisted. It was blowing
NE 4 at the time. The maxiuum wind force (7) was reported from Gap Roeck at 11 p- on the same day.
On the 6th at 2.25 p. the Cone was lowered.—On the 17th November at 11 a. the North Cone was
hoisted. It was blowing NN 2 at the time. The maximum wind force (8) was reported from Gap
Rock at 2 p. on the same day. On the 18th ut 6 a. the Cone was lowered.—The Drum was added to
the Cone and the gun fired on the 17th September at 2.30 p. At 5 p. on the same day the anemograph
at the Observatory registered 56 miles.

5. In spite of the great advantages aceruing from the adoption of the systemn of storm-signals in
use in ngland and otlxex countries, it has been decided to revert to the system in use here from 1884
to 1896 inclusive. This has been decided on the suggestion of the Comnnittee of the Chamber of
Commerce, who stated 1 Those signals, having been in use for 13 years, were becorning gradually
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more and more understood and rightly interprete by the boat and seafaring people as the time went
on, as is always the case, the Comuittee believe, wheu a system of sign: 11.m~ is introdaced.  They
hkewxse convey to masters of ships intimatious of the state of the weather at a distancs on the voyages
on which they are about to sail, information which the present storw-warnings do not supply.”

6. The China Coast Meteorological Register was printed daily at the Observas ory. an: inforin-
ation regarding storms was telegraphed to and exhibited on notice-hoards in i'fongi\(wr and other
ports in China and neizhbouring conntries as often and as fully as such information could be justified
by the weather telegrams received.  This happened on 69 days in 1897.

7. Telegraphic connection with Vietoria was inte rrupted on the 16th April, 1897, from 10 a. to
noon ; frow the 8th May at 8.12 a. to 9th May at 8.12 a.; on the 18th } ay from 11,45 a. to 2.26 p,,
from the 21st at 5.50 p. to 23rd May at 6.48 a.; on the 23rd May from 10.15 a. to 1.34 p.; on the
24th May from 1.10 a. to 9.8 a.; on the 27¢h \’[nv from 4.13 p. to 5 p.; trom the 30th May at 11.55 a.
to 3lst May at 1.34 a.; oa the 5th from 4 p. to 6.45 p.; on the 17th me, froma 1.10 a. to 6,20 a.
and from 7.26 a. to 10.30 a.; on the 15th July from 2.58 p., to 7.54 p.; on the 28th August from
9.50 a. to 10.43 a.; on the Sth November from 11.25 a. to 0.20 p. Inﬁerml;)tim'xs occurred therefore
on 16 days, and, of course, during thunderstorms.—Telephone connection with the Peak was inter-
rupted on the 15th January from 6 a. to L1 a.; from the 8th Aprilat 8 a. to 10ih April at 6 a.; from
the 1st August at 11 a to 2nd August at 10 a.; from the 17th September at 5 . to 18th September
at 6 a.; from the 6th October at 6 a. to 20th October at ! p.; from the 13th November at 6 p. to
15th November at 6 a., i.e., on 26 days as well as during thunderstorms.

8. During 1897 in addition to metcorological, registers kept at 40 stations on <hore, 2,635 ship-
logs have been copied on board or forwarded by the captains.  The total number of vessels, whose log
books have been made use of, was 283, The total number of days’ observations (counting separately
those made on board different ships on the =ame day) was 20,549,

9. The following is a list of ships from which logs have been obtained in 1597, The majority
are steatcships, and the others are distinguished as follows : bk, barque; sh., ship ; bqt., barquentine : —
*Activ, *Aden, *Agenor (sh.), *Aglaia, *Atrlie, *Amara, *Ancona, *Antenor, *Avoyll, *Ariake
Maru, *Arratoon Apear, #Ask, *Astral, *Atagosan Mara, *Australian, *Bayern, *Beigic, *Beliona
*Benalder, *Benlarig, *Benledi, “Blsugno, *Bormida, *‘Borneu, *Braemar, *Brindisi, *Calédonien,
*Canton, *Canton, (P. & 0.), *menurthomhix'e * j‘ilt]l”l‘il‘“ &pcm‘. #*Centurion (1LALS ), *Cu‘es,
*Ceylon, *Changsha, *Chelydra, *Chénnan (C. . H.), *Chihli, *China, *Cling Ping, *Chingtu,
*Ching Wo, *Chi Yuen, *Chowfa, "“Chowt(u, ‘°Choybang, *U’lun Sang, #Chunshan, *Chusan,
*City of Rio de Janeiro. *Clara, *Congo, *Cosmopolit, *Daphue (H.M.S.), #*Dardanus, *Decima,
*Deike Rickmers, *Deucalion, *Deuteros, *Devawongse, *Diomed, *Donar, *Dordozne, *Doric, *Doyo
Maru, *Ek: aterinoslav (R.V.F.), *Llse, *Enapress of China, *Ewmpress of India, *Empress of Japan,
*Energia, *LErnest Simous, *Esmeralda, *Falkenbury, *Federation, *Formosa, *Formosa (P. & 0.),
*Framuoes, *Frejr, *lrigga, *Fushun, *Gaclie, *Ganges, *Gerda, *Giscla, *Glenartney, #*Glenavon,
*Gienfalloch, *ilenturret, *(n'umn (h M.S.), *Guthrie, *Hailan, *llailoong, *Haimuan, *Huiphong,
’*Hmmn "“Huno‘chow *Hansa, *Hector, *Heriha *Hikosan Maru, *Hinsang, *Hiogo Maru, Hiroshima
*Hongleong, * Humum (H.I\i 5.), *Hupeh, *Hydaspes,
Irene, *Irene (H.G.M.S.), *Jacob Christensen,  *Jacol
Diederichsen, “’“‘J:tpﬂn. *Java, *Kachidate ‘Iaru *Kagoshima Mara, *Kaisar-1-Hind, *Kaiserinn Aungusta
(H.G.M.S)., *Kalgan, *Kamakura Maru, ? I\:umgawa Maru, *Ixashing, *Keong Wai, *Kiangnan,
*Kinai Maru, i.\lmuc:\', “liushiv Marn, *Kongbeng, *Kostroma (R.V.E.), *Kriemhild, *Krim,
*Kutsang, *Kwanglee, *Kyoto Maru, *Laurel Branch, *Letimbro, *Likin (1.M.C.C.), *Loongmoon,
*Loosok, *Loyal, *L. Shepp (sh.), *Lyeemoon, *Macduff, Muc’new, *Malacca, *Maria Valeria,
Marquis Bacquehem, *Mathilde, *Mazagon, *Medusa, *Meefoo, *Melbourne, *Melpomene, ¥Meinnon,
*Menmuir, *Merionethshire, *Mirzapove, *Mogul, *Mongkut,” * Monmouthshire, *Morven, *Mouat
Lebanon, *Moyune, *My rmnlon, *Namoa, ’“\'un‘ ong, *‘\anchfuw *Nanshan, “\T anyang, *Nestor,
*Ningchow, hlo})e, *Oanta, *Ocampo, *Ocdanien, >"‘()Iympm, *()mb(\ *Omi \Ialu =“‘Onsa'l(r *Qolong,
*QOopack, *Orestes, Osmrshal *Qslo, *Pakhoi, *Pal\hw ¥Panther, (H.AM.S.), *Pathan *Patroclus,
*Pectan, *[’eiyang, *Pern, ‘“‘Petmrch ’*Phra Chom I\ 20, ’”‘l’hm Chula Chom Klao, 1ﬁPhra Nang,
*Pheenix (H.M.S.), *Piccioln, ’*I’m(fsue\’ *Poating, *Pongola, *Port Adelaide, *Poseidon, *Preussen,
*Priam, *Prinz tHeinrich, *Progress, "“Pronto, *Queen Elizabeth (sh.), *Rainbow (H.M.S), *Ravenna,
*Rohilla, *Rosetta, *Sabine *Rickmers, *Sachsen, *Sakura Maru, #*Salazie, *Sarpedon, *3 ndai Mary,

Maru, Hohenzollern, *{Tothow, *Honvkony
’dezuml M.am, *mdepeu«lm'r FInaraba

s
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*Senta, *Shanghai, *Shantung, *Sherard Osborne, *Siam, *Singan, *Sishan, *Ssit, *Socotra, ¥Spinaway
(bqt.), *Store Nordiske, *strathallan, *Suising, *Sumatra (bk.), *Sunda® Sungkiang, *Siillberg,

1

*Syiney. *Rzechuen. *Tacoma, *Taicheong, *Taichiow, *Tailee, *Taisang, *Taiwan, *Taiyick,
Fhames, ¥Thek!n, *Tientsin, *Tokio

*Taksane, ¥ Tancarville, ¥ Tantalus, *Terrier, *Tetartos, *Thales,
Varn, * Pordenskiold, #Tovo Mara, *Tricste, #Tritos, *Trinmph, *Trocas, *Tsinan, *Yega (bk.
M . ? o ) ? i b h b b b
*Verona, *Victoria, #*Victoria (N.P.8.8.Co.), *Vindobona, *Wakasa Maru, *Woosung, *Wosang,
*Wuotan. *Yamashiro Marn, ¥ Yamaguchi Maru, #* Yarra, * Yashima (H.J.M 2.), * Ynensang *Zafiro.
3 b te) b 2 o)

e

10. The entry of observations made at sca in degree squares for the area between 9° south and
45° north latitude, and between the longitude of Singapore and 180° Tass of Greenwich for the con-
struction of trustworthy pilot charts has been continued, and 161,784 observations in all have now
been entered.

Table I.
Meicorological Observations entered in 10° Squares in 1893, 1894, 1895, 1896 and 1897.

. i i ! i i ‘
g5 ‘ ’ ‘ ! L ‘ ’
5*5 Jan. ¢ Feb. | March, | April. © May. June. | July. | August. ! Sepi. 1 October.| Nov. Dee.
&3 1 | ‘ ! 3 ﬁ
AN U R S SN NI, U N PR f
19 1 0 | 0 0 0 3 3 1 0 0 0 0
20 28 1o 7 25 . 23 O 6 8 7 24 23 22
21 22 22 26 32 41 1 10 2 7 25 19 36
22 g 3 0 12 23 34 25 29 | 10 o 11 | 0 1
23 205 252 | 32 48 | 14 I 1 104 78 34 42 67 172
240295 1 28y 297 284 | 201 215 415 3253 268 | 308 392 295
25 0 133 0 s 92 83 a7 96 | 125 112 109 184 199 146
26 1718 1635 2201 2133 2580 | 2738 | 3063 | 3221 | 2885 | 2645 1463 1895
a7 0o 0 | 0 0 1| [ 0 2 LI 1 0 0
55 20 29 0 26 6 . 18 L 24 1 16 13 0 16 ! 12 12
56 19 51 L 80 12 0 9y 19 . 18 37 12 22 19 10
57 29 ¢+ a7 87 40 12 12 [ 17 18 12 29 22 26
58 41 43 71 Bls 71 32 1+ 24 24 19 17 46 40
59 . 118 123 87 26 66 63 . 87 31 15 63 120 84
6O 188 1 213 1 1sd4 144 0 118 170 284 ; 184 | 110 79 123 150
61 ] 1582 ' 1629 | 2214 2072 1 2619 3043 | 3255 3230 | 3131 2655 2124 1804
62 | 1377 1525 1776 1673 ;1906 2051 . 1925 1940 | 1916 1792 1456 1459
63 7 10 9 9 | 12 14 9 6 | 12 3 1 3
91 , 9 41 23 37 . U 16 9 17 1 24 21 37 54
921 10 ;41 32 34 12 13 7 125 6 33 58
93 T8 30 1 30 22 0 1 1 18 18 19 10 49
94 25 . 34 6 29 1 12 4 s 23 15 22 19
95 51 109 53 63 57 59 21 21 47 76 46 93
96 | 1513 1325 1372 1879 1799 1776 1870 1739 1 1605 1635 1420 1408
97 649 594 742 689 817 870 814 834 | 835 783 ¢ TTL 1729
98 191 0 126 0 131 158 227 340 392 321 . 832 270 . 227 | 228
127 99 33 | 66 47 29 30 | 54 29 30 59 82 | 43
128 89 46 7T 61 | 32 37 . 60 34 | 26 76 101 63
129 99 | 50 . 95 101 | 52 95 | 62 63 . 38 94 137 98
130 210 0 167 0 25 195 289 326 | 389 337 261 270 271 278
131 314 1 263 | 305 290 375 478 | 445 526 399 354 326 264
132 818 | 659 | 915 1003 | 1427 1590 | 1951 1606 1497 1339 1289 845
133 0 | o ! 60 570 18 0 9 13 55 55 70 7 13
163 g0 . 85 | T4 103 | 119 | 174 . 189 199 136 121 72 70
164 108 98 . 14 158 |, 138 | 248 259 251 923 184 116 105
165 128 115 108 132 210 | 234 ' 294 252 | 246 166 142 113
166 36 1 43 0 44 42 78 | 64 1 106 47 1 97 69 58 45
167 6 1 0 0 3 16 | 4 T4 98 71 4b 28 0
168 0 0 0 0 0 0 0 1 2 2 5 0
199 30 ;28 22 44 22 28 | 35 23 58 28 34 31
200 11 5 2 4 0 3 3 0 i 19 5 13 1
202 0 0 0 0 0 1 2 1 5 1 0 0
203 o 0 0 0 0 0 2 1 2 0 0 0
318 0 0 0 1 0 0 0 0 0 0 0 0
319 n 8 16 19 1 0 0 0 1 13 7 13
320 4 0 25 16 13 85 9 2 0 3 | 0 0
321 VI 1 0 1 4 n ( 2 0 0 0 0
322 1 2 0 15 24 49 17 24 22 | 21 8 18 3
323 282 178 195 159 137 108 165 120 | 129 104 160 240
324 203 146 | 106 59 81 63 103 97 121 157 182 155
325 177 192 ‘ 189 277 278 | 280 378 379 - 340 193 186 187
10966 | 10320 | 12205 | 11883 | 14234 | 15599 | 17146 | 16356 | 15262 | 14118 | 12326 | 11360
1 i i | 1 ;

11. As stated in the “ Instructions for making Meteorological Observations, ete.”, metcorological
instruments forwarded by observers who regularly send their registers to the Ubservatory are verified
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here free of cost. During the past year 7 barometers, 5 anéroids and 10 thermometers were verified.
In addition, several hundred barometers and anéroids on board ship were compared with our standard.

12. The following table shows the spectroscopic rainband as observed daily at about 10 a.  The
mean value for the year was 2.1,

Table II.
Rainband in 1897,

Date. Jan, Feb, | Mar. | April. | May. | June. | July. | Aug. | Sept Oct. | Nov. | Dee
| PO 1 2 2 3 1 2 2 5 2 2 2 1
2y ceeeeenes eveens . 1| 1 2 1 2 2 2 5 2 2 1 ]
- N 2 2 2 1 ) 3 2 3 2 2 L2
4y e iae s 2 2 2 2 2 2 3 3 2 2 1 2
5y eeverenrerennn - 2 2 1 3 3 2 3 3 2 3 1 2
By vererreerene . 2 2 2 3 2 3 3 2 2 4 2 2
Ty eevrerrennnrreees 2 4 2 1 2 3 2 2 2 3 2 2
8y ceeeererereerenns 2 9 2 2 3 2 2 2 2 3 2 2
9y cererereerenns . 2 2 2 2 3 2 3 3 2 3 2 1
10, errrreeerrennennns 2 3 2 3 4 3 2 3 2 2 2 12
1§ DO 2 0 3 3 2 2 2 4 3 2 2 1
12, tereeierieieennes 2., 0 2 2 2 3 2 3 2 2 2 1
13, vevrrrireneen 3 1 1 2 2 2 2 2 3 2 2 2 | 2
14, ... 2 12 1 2 2 2 4 3 : 2 1 2
18, rererieiacrene 2 2 2 2 2 2 2 1 2 3 I |
16, ... veel 2 1 2 2 : 3 2 3 2 2 2 2
17, ceverereecerenens 3 2 2 3 3 3 2 3 2 2 31 2
18, tieverieeeneennnn 1 2 2 2 2 3 ) 3 3 2 2 1
19, ivereriieiennnn 2 2 2 1 3 3 2 2 3 2 2 | 2
20, vevreeeeeerrinnins 12 3 1 3 3 2 2 2 2 3, 1
P2 S 1] 3 2 P35 4 2 202 1 2 1
22, ... e t 2 2 2 3 4 2 2 2 020 11
23, eerreerreinn 1 2 2 - 2 4 4 2 : 2 0 2 o
24, verreneraenn 1 3 2, 2 8 3 2 2 2 ] 1 g
25, reeeereennn .- 1 2 2 . 2z | 3 1 3 2 2 2 L 0 1
26, rereeeeernienene 1 2 2 . 21 2 3 2 2 2 2 0 1
27, e 1 2 2 . 1Ly 2 3 2 2 2 2 1 0
28, tevreeerrieeeennns 2 2 2 2, 2, 4 3 2 2 3 1 1
29, eriieierenns 2 21 28 3 2 2 2 0 2
80, eerrrreieeiienns 3 21 21 2 3 3 3 2 2 1 2
31, ... TR 2 3 2 3 2 2 3

Mean,...... 1.7 1.9 21 1 19 . 26 | 28 2.3 2.7 2.1 22 1 15 | 15

13. Mr. PrumMERr observed 402 transits for time determination in 1897, and the axis of the tran-
sit instrument was levelled 171 times, 7., upon each day when observations were made. 'The rates
of the standard clocks are given in the accompanying tables (III and IV), and are compared with the
rates given by the formule at the head of the tables. No alteration has been made to either clock
during the year, and although it was found necessary to clean the contact springs of the sidereal
standard clock on November 29tb, this was effected without in any way interfering with the going of
the clock.

The errors of the Time Ball are given in table V. The time ball has twice been under repair,
namely, from March 5 to 10, when the base of the piston was found to have been shattered, and a new
brass base was fixed to it by the Hongkong and Whampoa Dock Company in place of the original cast
iron one; and again from July 13 to 19, when the zine tube within the ball was fonnd to be cramnpled
up and pressing against the mast. On July 7 the lock was under repair. There were five failures
of the time ball in 1897, viz., cn March 11 owing to an error of the workmen in centering the new
brass base of the piston ; on June 25, in consequence of the discharging spring being too weak ; on
July 6 because the tooth of the lock (being much worn) allowed the piston to jamb against the
opposite side of the evlinder; on July 8, because the Assistant failed to raise the piston high enough
to free the tooth of the lock : and on July 12, for the reason already given as rendering the vepairs
necessary on the days immediately following.  The ball is not dropped on Government holidays and

1

on one other oceasion (Sunday, May 9) in consequence of the illness of two Assistants it was inter-
mitted. It was sueeessfully dropped 332 times in this year. The probable error was in January
033, in February £0:19, in Mareh £0716, in April £0:12, in May £ 0'16, in June +0°13, in July
£0:09, in August £0°13, in September £0°10, in October +0°14, in November -+0'16, in December
+0°12.
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Table III.
Rate of Dent Sidereal Standard Clock in 1897.
re= 4+ 129 — 0063 (7 — 70°).

Period. Ubserved rate. Temp. Arc. Calculated rate. -
” . N N o —Tex

- s. ° ° 7 . s. - s. B
December 30—January 7 9y.eveeennn.e + 1.50 66.9 2 57 30 +1.49 +0.10
January 9— 19,000 cinnne. +1.26 65.5 2 54 42 +1.57 —-0.31
» 19— 9, eereennen. +1.63 62.9 2 59 33 +174 | 011
» 29—February  8,...ec...... +152 | 652 3 0 13 +159 —~0.07
February  8— 18, iiiiianns +2.08 | H8.7 3 1 26 +2.00 +0.08
» 18— 28)ererenrens +1.94 60.5 3 1 80 +1.89 +0.05
N 28—March?  10,cereeneee. +1.70 63.2 3 119 +1.72 —0.02
March 10— 20, creerenn. +1.56 64.4 3 0 49 +1.65 ~0.09
N— 830,...cverenn. +183 | 662 3 0 24 +1.53 —0.20
» 80— April Dyevenrenrne. +1.41 (8.5 3 1 3 +1.88 —0.03
April 9— 1 [ R +1.46 68.6 3 1 22 +1.38 +0.08
19— 20,..everinnn +1.80 71.6 3 2 83 +1.19 +0.11
N 29—May Oyeerrrrarrns +0.95 76.0 3 2 37 +0.91 +0.04
May 9— 19, verennnn. +0.63 80.8 3 2 2 +0.61 +0.02
» 19— 29,...cvenee. +0.61 80.6 38 2 80 +0.62 ~0.01
" 29-—June Brrvaenrearnns +0.49 84.3 3 3 10 +0.39 +0.10
June 8— ,, 18, ivecrenn +0.50 84.4 3 2 43 +0.39 +0.11
” 18— O8)verennenn. +0.40 83.1 3 2 51 +0.47 —0.07
» 98—July 8yrveeneenns]  +0.63 79.0 8 8 15 +0.73 —0.10
July 8— 18 eveiivenns] 052 83.0 3 2 87 +0.47 +0.05
18— O8ue vorverene]  +0.45 4.7 3 3 41 +0.36 +0.09
N 28—August  7,ecreenn.. +0.42 34.0 3 3 12 +0.41 +0.01
August T— 17 0ereens +0.33 83.5 3 2 40 +0.44 —0.11
» 17—, 07 vveveeens]  +0.46 82.4 3 2 92 +0.51 ~0.05
97—September  6,...ve...... 4+0.43 83.7 3 92 49 +0.43 0.00
September 66— » 16,00iniinennen +0.44 83.8 3 3 18 +0.42 +0.02
" 16— 2 F +0.61 81.5 3 3 927 +0.56 +0.05
» 26—October  6yuvecrvenne +0.52 82.6 8 8 47 +0.50 +0.02
Ociober 6=, 16,eeervennn. +0.70 79.2 3 3 42 +0.71 —-0.01
16— 26,...00eus vl 4084 774 8 4 17 +0.82 +0.02
" 20—November  5,........... +0.84 78.5 3 4 17 +0.76 +0.08
November H— . 15,0ccnireenee +0.79 77.9 3 4 30 +0.79 0.00
” — DByeeeenennns L 4136 70.7 3 4 30 +1.95 —0.09
» 25—December  H,............ +1.77 62.4 33 2 +1.77 ‘ 0-00
December 5—  ,  15,.eenn. vl +161 65.7 3 3 23 | 41506 +0.05
” 15— 25, ereerrenns +1.80 62.0 3 3 3 +1.79 +0.01
., %—January  dyeoeien]  +175 63.3 3 8 46 +171 1 4004
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Table IV.
Rate of Brock “tandard Mean Time Clock in 1897,
re= +0%.70—0°073 (r—75°)— 00020 (t". —July 1.)
Period. Observed rate. Temp. Arc Calculated rate. 7_0_]:
7 T a 7,

A e e

December 80—January Dy +1.36 721 4 9 42 +1.27 +0.09
January 9— 19,00 00eenee. +1.39 71.2 4 7 30 +1.34 +0.05
” 19— P21t IO +1.52 68.1 4 6 18 +1.52 0.00

» 29—February  8,............ +1.35 70.2 4 4 b4 +1.25 +0.10
February 8— 18, ieiiennn, +1.81 62.7 4 6 24 +1.88 ~0.07
” 18— R T 4+1.70 G3.2 4 3 48 +1.382. —0.12

» 28—March 100, +1.58 67.4 4 0 O +1.49 +0.09
March 10— 20, ieicennnn. +1.49 63.9 4 1 18 +1.87 +0.12
” 10— ,, 30,0, +1.192 71.2 4 2 0 +1.18 —0.06

” 30—April 1 FEOROPRR +1.23 71.4 4 0 30 +1.14 +0.09
April 9— |57 T +1.15 72.0 4 0 24 +1.08 +0.07
" 19— ,, 29, ciinn e +0.90 74.5 4 1 18 +0.78 +0.12

' 29-—May D reeerinienne +0.56 78.5 4 1 30 +0.56 0.00
May 9 19, i, 4+0.53 82.3 4 0 24 +0.27 +0.26
» 19— 20 i, +0.51 82.1 4 1 12 +0.26 +0.25

» 29——June Y +0.22 85.7 4 1 18 —0.02 +0.24
June 8— I8, ceveiiinn. +0.17 84.2 4 1 18 +0.07 +0.10
» 18— 28, .iiirnnnn, +0.02 82.6 4 0 48 +0.17 —{0.15

» 28—July S TR +0.18 79.4 4 0 54 +0.38 —0.25
July Qe 18, —0.01 83.1 + 0 30 +0.09 -0.30
” 18— ) 28, iiiiininns —0.08 84.5 4 0 36 —0.03 —0.03

» 28-—August 7yerssennann. —0.02 83.6 4 0 24 +0.01 —0.03
August — 17, i, 0.00 82.7 4 0 24 +0.06 —0.06
’ 17— 07 iiiiiininnn, —0.09 81.7 4 0 6 +0.11 —0.14

" 27—SBeptember  G,...cc0ue.... —0.10 83.1 3 59 36 —0.01 —0.09
September G- » 16,einiinnee. —0.09 82.7 4 0 24 0.00 -0.09
» 16— ” 26,ueerniinnnn —0.03 82.1 4 1 0 +0.02 —-0.05

» 26-~Qctober Brrneennennen —0.06 81.8 4 0 24 +0.02 —0.08
QOctoher 6-— 16,0iiunennnn. +0.10 79.4 4 1 49 +0.18 —0.08
» 16— ,, 20 uieianian. +0.12 76.8 4 1 42 +0.35 —0.23

' £6—~November J,iuviuneen... —0.02 78.5 4 2 0 +0.20 —0.22
November 55— 15,0, +0.08 701 4 2 24 +0.14 -0.06
» 15— P +0.48 71.9 + 4 48 +0.65 —0.17

» 25--December  Hyuiiinnan.n.. +1.11 67.5 4 4 86 + (195 +0.16
December 53— I PP +0.76 71.2 4 3 54 +0.66 +0.10
» 1y, KDy +0.99 8.0 4 4 18 +0.87 +0.12

. 26—January E ST ; +0.72 0.2 4 5 36 +0.69 +0.03
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Table V.
Errors of Time-Ball in 1897,
— means too late, : + means too early.

i | ; ; I

H | H H
£ | Jan Feb. ‘Mar. | April. May. | June. ! July. | Aug. | Sept. ! Oct. Nov. Deec.
R i i 5 : | 3

s | R T T '
1 ~0.2 0L | 01 | 01 0.1 01 @ 402 0.1 f 0.1 0.1 0.1
2 v e 61 | ot @ 01 01 01 . 0.1 01 0.1 0.1
3 01 | —03 0.0+ 01 | 01 | —02 01 | 404 21 | 91 01 0.1
41 +02 | —04 0.1 0.1 | 0.1 01 1 01 405 01 | +02 | 402 0.1
b] 0.1 -0.5 0 403 0.1 ¢ 01 | +04 0.1 I 403 | 402 0.1
51 +03 | —04 o 01 403 01 L. 0.1 0.0 | 403 1 402 | o1
71 +04 | —03 v L0 405 PR B 0.1 O 1 403 1 +03 | 0.1
81 404 | —03 e L =02 | 406 10 T 0.1 01 1 +03 | +0.3 0.1
90 +006 | —03 e =080 0.1+ 01 0.1 0.1 1 4102 | 404 0.1
10| +0.7 0.1 e b =04 1 407 | 402 1 0] 0.1 0.1 & o1 | 01 0.1
11 +08  —02 | .. | —05 | 403 01 + —02 | —02 0.1 1 01 0.1 0.1
120409 101 F o1 —02 | 0] 0L | .. 0.1 0.1 v 01 | —02 | 403
B 4+10 0 o1l | 01 | o1 |oul Dol 0.1 0.1 | 0.1 0.1 0.1
M +11 1 402 0 202 01 0.1 = 01 0.1 01 | 01 0.1 0.1
15 0L 1 01 | 402 | o1 0L {01 01 | 402 0.1 0b o 402
16 ] +04 01 | 01 | 0.1 = 402 | 0.1 01 1 0l 0. +0.3
14 +08 1 402 1 01 1 0l | —03 | 403 | | +0.2 0.1 | 01 | +02 | 403
18| +08 | +02 ;. 01 . 02 402 | P08 —02 1 0 | 403 0.1
191 —02 +0.2 f +0.2 7 . 0.1 +0.2 e 10U —0.3 | 402 +0.3 0.1
20 —02 +0.2 | +0.3 0.1 0.1 ¢ +04 0l v 01 ¢ o +0.2 +03 1 0.1
2 —~02 | 402 ¢ 404 | 01 1 402 0.0 ¢ 01 0.1 0.1 | 403 0.1
22 ~03 | 402 | 407 0.1 01 | .. 01 01 0.1 0.1 | +02 | —02
W ~03 | 403 | 404 0.1 or oL 0.1 | o1 0.1 0.1 +0.2 0.2
240 —04 1 408 | 402 0.1 v oo 01 | vl 0.1 0.1 0.1 | —0u4
W1 =02 | +0.2 | 402 0.1 | +02 - 01 01 0.1 | —0.2 0.1 .
26 0.1 0.1 | +0.2 0.1 0.1 01 0.1 0.1 0.1+ =02 | —08 | 402
27 0.1 0.1 | 402 0.1 0.1 | 0.1 0.1 0.1 0.1 | —02 0.1 v
28 0.1 +02 | 01 0.1 0.1 1 —02 01 01 0.1 -0.3 01 | ot
29 0.1 e 001 0.1 0.1 1 —0.38 0.1 ° 01 0L =02 —02 | 01
30 0.1 L0l 0.1 0.1 01 01 o1 L O P01
51 0.1 i 0.1 - 0.1 i - 01 - ol . f 0.1 e 01

f i i

14. Observations for latitude by Talcott’s method have been continued throughout the year and
1359 observations of pairs of stars have been observed, distributed as follows:— In Jaruary 101
pairs, in February GI pairs, in March 7 pairs, in April 51 pairs, in May 134 pairs, in June 26 pairs,
in July 144 pairs, in August 152 pairs, in September 165 pairs, in October 147 pairs, in November
230 pairs, in December 141 pairs.  The relative numbers give a clear indication of the way m which
the atmospheric conditions interfere with astronomical observations in Hongkone,  From the 1st June
till the 81st December Mr. Plummer made all the obser rations,

15, The cisterns of the barograph and standard barometers are placed 109 feet above M.S.LL.
The bulbs of the thermometers are rotuted 108 fect above M.S.L., and 4 feet above the grass.  The
solar radiation thermometer is placed at the same height.  The rim of the rain-gange ix 105 foet above
M.S.L., and 21 inches above the ground,

16. The monthly Weather Reports are arranged as follows :-—

Table 1. exhibits the hourly readings of the barometer reduced to freezing point of wuter. but not
to sea level, as measured (at two minutes to the hour named) from the baroprams.

Tables I1. und I11. exhibit the temperature of the air and of cvaporation as deterinined by aid of
iotating thermometers.  Table 1. exhibits also the extreme temperatures reduced to rotating ther-
mometer.  Tuble TI. exhibits also the solar radiation (black bully in vacuo) maximum temperatnres
reduced to Kew arbitrary standard.

‘Table IV, exhibits the mean relative humidity in pereentage of saturation and mean tension of
water vapour present in the air in inches of mercury, fur every hour of the day and for every day ol
the wmonth, ealculated by aid of Blanford’s tables from the data in Tables I1. and 111.

Table V. exhibits the daration of sunshine expressed in hours, from half an hour before to half
an hour after the hour (true time) naumed. '

Table VI. exhibits the amount of rain (or dew) iu inches registered from half an Lour before to
Lalf an hour afier the hour named. 1t exhibits also the estimated duration of rain.
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lablo ‘\ U hibits the veloeity of the wi nl in nnlv *md its dn' ect io'x in points (l—-—"' ) The
velocity 1s measured from half an ‘301 before to half an hour after the hour !Lizlh)(l_‘ but the direction
is read off at the hour,

Table VIII. exhibits the amount (0—10), name { Howard’s ¢lassification) and direetion whenee
coming of the clonds.  Where the names of upper an:l lower clouds are given, but only one direction
this refers to the lower clouds.  With regared to the names of clouds nimbus (nim) is ouly cuteres
when the rain is seen to fall ;3 when no rain is seen to fall eumulo-nimbus (cum-nim) is entered, and
this namwe is also used to indicate elonds intermedinte between cumnlus and nimbns,  Cnmulo-stratus
{ewn-sir) s the well known thunder clond, and strato-camulus (ste-cum) significs a cloud intermediate
hetween stratus and cumnlus., ’

Pable 1X. exhibits for every honr in the day the mean veloeity ol the wind re lneed to 4 as woll
as 2 directions, neecording to atrlculy aceurate L(n'ennloc, and alzo the mean divection of the wind.

Below this is printed a list of the phenomena observed,

17. The tollowing annual Weather Report for 1807 is wrranged as follows i—

Table V1. exbibits the mean values for the year (or hoarly excess above this) obtained from tie
monthly reports. The total duration of rain was 1036 hours There fell at least 0.01 inch of rain
on 166 days.

Table VIL exhibits the number of hovrs during a portion of whieh ar least (1005 inch of vain
(or dew) was 1'e;~,{lstcred.

Table VI exhibits the number of doys with wind from eight different points of the éomp:\sx
The figures are obtained from the mean daily directions in Table VII. of the monthly reports. Days,
with \\m] from u point equi-distant trom two direetions given, are counted half o one of these and
half to the other, e.g., half of the days when the wind was NNE are counted as N, and the other halt
es NE.

Table IX. exhibits the number of days on which certain meteorological phenomena were registered,
.md also the total number of thunderstorms noted in the neigh )omhool durine the past vear.

Table X. shows the frequency of clouds of different classes.

Table XI. is arranged as last yoar,

Table XTI, exhibits the monthly and aunual extremes.  The extremes of nmmnhty and vapoure
tension are only upproximate as the hourly values are not calculated.

Table X contains five-day means,

Tables XIV., XV., XV contaiu magnetic observations,

18, Observations of wmagnetic deelination and horizontal foree were made with the unifitar
magnetometer Elliott Brothers, No, 35, and the dips were observed with dip-cirele, Dover No. 71.
The methods adopted in making the observations and in determining and applying the corrcctions
are explained in Appendia (.o Observations and Researches made @ 1885: < Un the verification of
the unifilar magnetometer Elliot Brothers No. 357  The value of log =% K was 3.44905 at 24°.  The

value of P was + 5.818.  The mean value of the magnetic moment ofthu vibratinr needle was 0.44872
in Fnglish units and 385 81 in (_‘,-.G.\\ units.

The times of vibration exhibited in the table arc each derived from 12 observations of the time
occupied by the magnet in making 100 vibrations, corrections having been applied for rate of chronometer
and arc of vibration.

The observations of horizontal force are expressed in C.(x.5. units (one centimneter, one gramme,
one second ), but the monthly synopsis exhibits X, the horizontal, as well as Y, the vertical, and total
forces, which have been computed by aid of the observed dips, and their values are also given in English
units {one foot, one grain, one sccond ) and in Gauss’s units (one millimeter, one mllllgmm, one second ).
I have the honour to be,

Sir,
Your most obedient Servant,
W. Dosinesx,
Liireetor,

The Honourable
Tur CoLONIAL SECRETARY,
Se., &e., Se.
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Table VIII.
Number of ])ar/s with W m(lf/ oni C’ZJ/ll different points of the Compuss during each Month of the Year 1897.

o | |
| | : . ! . -
Month. N. NE. | I. SE. S. SW. ; W, NW.
|
- — N — e e e e . JUN e e e
!
Jannary, oo 2 4 [ 20 2 1 | 1 L
February, .oveecrceanennnn 7 6 , 3 ’ 1 !
Marel, coiveeninnnnn 1 | 28 2 i
Aprily ciceviiiiin 3 3 _ 24 . : .
May, ..ot versenenens cresnes 1 ! 15 2 4 7 4
June, coeiiiinn Ve 1 ; 12 1 4 11 1
TUl¥, evevseerenreeneneniens 2 6 6 504 11 1
Angust, ... Creentrrenencan. ! i ] 4 7 4
\Cptunbcr, Crreaeee 2 | 4 E 1! 3 5 | 5 i
Oclober, vivveieeiiiieenens 3 4 24 i
November, ceveereriraniennss & : 9 12 ! i
December, oo, cererinens 14 3 ; 11 ! ; 1
| ;
. i o e ; - -] -
SUMS, i 89 00 18T s 20 1 16 ]
Table IX.
Total Number of Days on which different Meteorological Plenomena were noted and Total Number of
Thunderstorms during each Montk of the Year 1897,
- S R e TR i e i, 1 ,
g A A R ! I e
3 é = ! s | 2 i =
Mol S| g R = il = 0 B2 &
Month, £ 3 £ ks T * I EE Z - L = <
£5 | £ = 1z i~ o = E 08 5 -
- g = = ¢ E . = = = I =z = =
<& SRR RS = & ST R R F
B = I B e = e - ! = 73]
S S R e SR | } e
Junuary, cooaa. e ireviceseienias cees S L 6 |
Febroary, .covcveeeineanin 5 . .- 3 3 [ .
Mareh, covinnnae Ceesrereisenee creserenns 14 2 2 1 e | Lo 1 [
Aptil, weverrereereerenans e w9 5 4 2 2 3 5 . A
May, Cereerrrerieneess crrsaeaan. 4 | 15 Y 8 2 16 8 3 e o1
June, o Ceenrsrareaiieecisens 2 23 21 20 + 3 5 3 8 5 ¢ 5
TNIF,  erereerersrssesrnnesssennen] 4 | 17 | 16 7 2 4 9 9 8 2 6 |
AUZUST, ciiiiiiiiniceerer i sanas 5 18 17 12 & & 11 6 4 L6
September, vivviveiiiiiininne.. 4 20 19 rl 2 7 16 9 503
OCIODET, vvivverisiisrsenrsarirnecnres 1 1 1 v 1 1 3 1 4 2 L
November, i, 2 1 1 1 1§ 3 4 1 4 2 0 2 |
December, avvviiieisiinissiininenen. 2 Pl 3 1 2 '
SUIMS, eeererenanenes 57 1102 | 96 ¢ 3% | 21 87T | TO | 22 86 | 24 0 24 ¢ 2
: ? 1 e 1
Table X
Total Number of Times that Clouds of differcnt forms were observed in cack Maonth of the Year 1897,
! ! : ! ; j o
Month } ¢ | e-8lr. | e-cum. |smecum. . cum. | cum-str, str. R-cum. enme-nim. nim
S SN RS N NS S S g S
| ] | J |
JANUAY, Levieiiiinn e 3 i ‘[ 4 1 61 116 | 2y 9 11 25
Febranary, veoveveeceens. e o220 69 61 4 22 047
Mareh, veveecieerseraesenne) o2 s 33 1 138 T ! 16 42
Aprilyen, ‘ 6 11 46 106 ;48 1 17 25
Mav, coiinie o Crrecaons i 2 1 33 31 170 1 | I3 1 N 33
JULCy vvrreereineniiiiinee. ! 2 68 . 42 160 19 12 S0
Julyy e 26 66 40 200 .. 11 7 20
AUGUSE, veeerecnnsiirenesnns i 11 60 30 144 2 ; 21 1 18 46
September, ... corensenes 23 67 30 145 1 10 1 6 21
Oetober, civssirviieeinienns 1 9 20 1 &6 127 | 16 9 13 29
November,oveireeeieieenins 10 27 35 106 S 2 2 32
December, vo.... crerteeaens 5 12 54 68 [ 87 ! 2 3 21
- ] S P S
B ! ’
Sumas....... cersee 2 106 383 480 | 1544 5 317 i 31 ; 134 384
|
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Table XI.
Mean | Weight RAINFALL. Mean DirecrioN oF NuMmBER OF Davs
qu_ \If);:lr:lil. 323;’3:%; Irl;{:gg g' CLoups WHENCE c WITH
MoxTE. metric | oAby ity COMING. LOUDS BELOW
Tide. Terzp(;r- eGaiz?lu(l::ﬂjl?: Mean. | 1897. R:in.

1897, ature, [foot of Air. Lower. | Upper. | Cirrus. | 2000 ft.| 1000 ft,
Jannary, ....... 0.103 2°.64 5.22 0.98 2.260 | 0.036 |E24°S |{W24°S . 15 9
February, ...... 0.106 2 .36 3.86 1.32 1.820 0.015 |E11°N IW27°S 20 12
Mareh, ......... 0.107 2.75 5.83 3.24 0.815 0.006 |E28°S ; W29°§ 23 16
April, ..., wee|  0.098 2 .49 6.18 5.27 3.240 | 0.047 [E22°S |W 5°S 1 8
May, .ccoeerenel|  0.095 2 .14 8.96 12.54 14.860 | 0.193 |S19°W W29°S 19 4
June, . ......... 0.067 1.59 9.61 15.81 23.355 0.163 |S 29°W N 22°W 15 4
July, eeverenenn 0.061 | 0.66 | 916 | 1598 | 5.365| 0.101 |S$ 6°WIN 34°E 11 1
Angust,......... 0.068 1.16 9.53 14.85 25.550 | 0.197 |S 12°W N 17°E 18 8
September, ....| 0.089 1.01 8.88 12.65 8.340 0.174 |E 5°S |E 4°N 3 1
October, ...... 0.087 | 1.37 7.49 5.36 6.425 | 0085 |E10°N [N 40°E | WSW 8 2
November, 0.098 1.56 5.58 1.17 7.320 | 0.126 |E25°N {W29°S 2 2
December,...... 0.113 2.39 4.00 1.00 0.480 } 0.008 [E12°N | W49°S 7 2

Mean,......; 0.091 1.84 7.02 90.17 1100.080 | 0.096 |[E37°S | 157 69

Table XII.
Monthly Extremes of the Principal Meteorological Elements registered during the year 1897,
Baromerer. TEMPERATURE. | BUM- Varour TeNsioN. Ran. | \V’VF.T:))- Rapra-
DITY. Ity TION.
Moxwrs. T e — — —_— ‘
Max. Min. Max. Min, Min. | Max. Min, Iﬁ‘:}lgj Iﬁ)g:{ly Max. 1&:;
January, ....... 30.267 | 29.706 79.2 46.7 45 0.748 0.153 1.360 ? 0.510 42 140.9
February, ...... .368 73 76.7 41.0 23 0.727 0.076 0.540 0.425 43 132.9
Mareh, ......... 110 658 §82.1 84.7 60 0.825 0.308 0.425 0.220 45 136.8
Aprily .......... 083 651 83.2 7.5 32 0.808 0.222 1.795 0.440 44 139.3
May, ..covonnnnn. 29.943 447 90.0 67.6 60 % 1.001 0.514 5.225 1.765 36 147.8
June,...coeeninns 795 363 89.8 72.0 a8 | 1.045 0.597 6.030 - 2.550 40 152.6
July, cevennenn, 851 447 90.3 74.6 a4 0.988 0.548 1.753 { 0.615 34 150.1
August,eeeeecens 850 | 288 89.2 73.1 61 1.054 0.752 5.015 1.840 38 150.8
September, . ... 924 ST 91.8 72.3 41 0.954 0.485 4.005 ‘\ 1.720 56 133.5
October, ....... 30.023 687 86.8 66.3 39 0.920 0.374 2500 ; 0.510 40 144.6
November, ... 247 ! 607 83.6 51.1 12 0.846 0.070 5.875 | 1.620 41 144.7.
December,...... 312 861 76.4 47.9 29 0.581 0.127 0.195 l 0.045 32 131.4
Year,...... ’ 30.368 | 29.288 91.8 41.0 12 1.054 0.070 6.030 } 2.550 56- f’ 153.5
i i
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Table XIII.
Five-Day Means of the Principal Meteorological Elements observed at Honghong in 1897.

Five-Day Perions. |Barometer. lst?;g' Humidity. ';eil;;)&:. VZY;(I;S:y Nebulosity.| Sunshine. Rain.

January ......... 1- 5 30.061 65.9 7 0.492 16.2 4.6 6.5 0 000

5 seeseeees 6-10 99.045 66.4 86 0.555 13.2 7.1 3.2 0.010

w eeeereees 11-15 834 63.5 &6 511 16.9 9.1 0.5 1 0402

p eeeeeeees 16-20 |  30.058 55.8 70 0.:322 18.8 9.7 0.2 | 0.026

 erereeens 91-25 167 59.8 72 0.872 10.8 7.9 3.0 | $.000

v eereraees 26-30 29.863 G6.5 86 ¢ 0.508 14.9 7.5 42 1 0011

by eesseeee 31- 4 I51 60.2 87 P0472 12.6 0.7 1.1 0.142

February ......... 5~ 9 30.053 3.3 87 C0.3DD 13.9 10.0 0.0 0.127

5 eereseens 10-14 205 50.4 39 0.211% 19.4 4.3 7.0 0.003

» cereenenn 1510 055 H4.7 79 0.347 11.0 3.7 1.4 0.000

3 eeseeeens 20-24 019 53.0 83 0.336 10.8 10.0 0.1 0.076

gy eeesesves 25— 1 20.887 a7.b 94 0.444 21.8 9.6 1.5 0.015

March ..ooiienns 2- 6 973 59.1 -85 0.426 20.5 8.0 1.6 0,023

.488 64.4 02 0.561 15.3 8.6 3.1 0.002

083 50.5 87 0.441 19.3 9.0 2.4 0.012

909 61.9 88 0.493 19.7 9.8 0.5 0.110

4 64.0 92 0.554 20.6 10.0 0.9 0.008

.809 713 94 0.723 14.4 8.6 4.8 0.001

890 4.8 72 0.448 18.4 88 3.1 0.1838

818 66.6 84 0.550 29.1 9.7 | 1.5 0.036

885 69.5 90 0.653 17.9 8.2 | 4.9 0.015

929 65.0 76 0472 15.8 8.0 3.6 0.397

.829 73.1 81 0665 11.5 4.3 8.9 0.000

914 71.2 82 0.626 18.1 8.2 3.3 0.012

740 74.9 82 0.710 10.4 5.5 6.1 0.000

664 77.0 91 0.840 18.3 9.7 1.9 1.934

.809 80.3 8 0.871 6.5 3.8 10.3 0.000

703 82.8 9 0.018 10.8 6.2 8.9 0.104

753 78.2 88 0.851 13.7 8.8 2.1 0.912

767 80.4 89 0.849 10.9 4.2 8.0 0.010

.692 84.0 79 0.926 11.1 7.1 6.9 0.270

g7 82.5 83 0.916 11.5 7.2 7.0 1.332

.680 &3.8 80 0.909 7.7 6.7 8.1 0.073

.603 81.7 87 0.937 8.8 8.4 3.9 0.274

.509 80.8 87 0.920 12.0 9.3 3.5 0.893

451 78.4 91 0.886 19.2 9.9 0.2 1.830

: 542 78.1 74 0.717 14.7 9.2 1.9 0.025

July ceveenninnnne 5= 9 .688 80.4 37 0.903 10.2 8.2 3.9 0.551

1y seresrersssenes 10-14 783 82.3 80 0.878 11.0 6.1 8.7 0.134

1y eeessees sensn 15-19 720 83.0 76 0.860 9.6 4.0 10.6 (.121

5 sesesvesssseens 20-24 722 83.4 76 0.871 7.7 4.3 10.5 0.054

1y emesesserereses 25-29 601 83.5 79 0.908 10.5 6.3 6.3 (.075

yy  eesessesensienn 30- 3 H39 81.7 84 0.910 114 8.7 3.0 2.141

August ceeennn, 4~ 8 597 32.1 83 0.909 13.0 5.9 8.6 0.165

1 weess cerenae 9-13 .469 82.8 84 0.943 13.1 9.3 2.9 0.804

y  seees cereenn14-18 756 770 91 0.861 8.0 9.9 0.4 1.530

sy eeavaveenss 19-23 684 81.4 84 0.900 5.6 6.7 6.7 0.162

y eereserecens 24-28 769 80.6 84 0.877 5.5 3.9 8.3 0.355

by eeeeses e 20— 2 779 81.3 83 0.887 5.8 4.1 rxs 0.122

September ...... 3-7 .700 83.2 7 0.835 6.1 4.8 10.1 0.000

" cennes 8-12 761 81.4 84 0.894 8.4 6.5 7.0 0.124

5 eeeees 13-17 708 78.1 73 0.703 18.5 8.8 2.6 0.693

o eeeees 18-22 839 80.2 85 0.872 17.3 4.4 .4 0.801

’ e 23207 809 81.9 78 0.846 9.1 3.1 9.6 0.035

” veeene8- 2 752 81.3 71 0.754 11.4 4.8 8.8 0.036

October...covoaieee 8- 7 761 78.1 75 0.721 20.5 7.6 2.6 0.847

5 ereecerasess 8-12 846 78.3 82 0.800 923.5 8.6 2.5 0.265

g eer eeened183-17 895 772 78 0.735 20.1 8.7 3.1 0.084

p eesesnensesns18-29 907 76.3 71 0.648 9.9 6.5 5.9 0.000

5 eveseessses 03-27 902 74.2 69 0.583 15.4 4.8 7.2 0.018

sy eeeses e 2821 384 75.9 80 0.711 10.1 Hh.l 6.7 0.045

November ...... 2~ 6 853 73.2 73 0.752 7.8 2.7 9.3 0.000

5 aeaeee 7-11 885 7.0 72 0.623 17.8 9.5 1.2 0.011

y eesess 12-16 875 76.0 i 76 0.656 19.8 7.6 H.5 0.157

5 eerese 17-21 917 65.0 80 0,494 1.7 9.6 0.7 1.236

5 eeeees 2226 80,114 609 | 41) 0.228 12.8 2.0 9.2 0.060

5 eeasee 27~ 1 055 61.0 | 37 0.204 10.8 1.2 9.7 0.000

December......... 2- 6 106 628 | 63 0.360 9.9 8.0 1.9 0.002

p eesaveses 7-11 014 644 | 70 0.430 10.0 5.2 7.3 0.000

9 eeeesrene 12-16 037 59.1 | 81 0.4118 9.2 9.1 0.9 0.041

' cenens 17221 113 577 | 65 0.310 8.6 0.0 7.3 0.000

p seesenees 22-26 205 59.0 61 0.305 12.1 5.0 6.1 0.000

" reeeenens27-81 031 ! 60.4 72 0.380 12.7 6.3 3.0 1 0,088
B R et e ot e - - S
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Table XIV.
Observations and Magnetic Declination and Dip.
1597, prmr. | Declimtion | oy oo | HEMT. | Dip North, | N4l | Observer.
East. No.
February, . .eveen...| 15% 4™ 30= p. | 0° 24" 52" J.LP. 15¢ 3~ 26™ p. | 31° 38'.22 3 J.LP.
16 2 32 p. 25 30 " 33 .63 4 »
18 2 33 p. 24 48 » 16 8 56 p. 37.72 3 »
19 2 33 p. 24 39 M 37 .54 4 Y
April, covveiieniinnnl 12 4 38 1. 23 47 " 12 3 27 »p. - 36.63 - 3 »
14 2 35 p. 22 59 ” 37.75 | 4 »
15 2 51 p. 22 11 » 14 4 2 p. 38.79 3 »
16 2 31 p 23 23 » 33 .82 4 »”
JUne, . .evereeernns 14 4 34 p. 21 51 , 14 3 2 p 38.25 3 N
16 2 32 p.| 22 4 i 36 .85 4 N
17 2 46 p. 20 55 Y 16 4 5 p. 35 .07 3 .
18 3 01 p. 22 36 » 35.75 | 4 »
August, . coeevreennnne 16 435 p. 23 13 ” 16 3 36 p. 34.60 | 3 ”
18 2 32 p. 22 16 » 36.63 4 »
19 2 46 p. 22 23 N 18 3 56 p. 37.09 | 8 i
20 2 44 p. 21 52 » 36.16 | 4 »
October, «evverrererenns 18 3 14 p. 23 53 |, 19 3 36 p. 36.06 3 ,,
19 4 36 p. 24 0 | " 36 .97 4 »
21 2 41 p 23 36 ! ” 21 3 39 p. 3597 3 ”
22 2 33 p. 22 52 " 35.29 | 4 N
December, ............ 13 4 26 p. 23 56 | " 13 3 26 p. 85.07 | 3 »”
15 2 30 bp. 24 59 |, 36.25 | 4 ”
16 2 41 p. 238 8 | ” 15 3 56 p. 37.72 1 3 »
17 2 34 p 23 54 ‘ " 3785 | 4 »
| i
Table XV.
Observations of Horizontal Magnetic Force.
Time Distance
Tem- . Tera-
f . . -
Date. H.K.M.T. ({,ik?:; Ef pegatlgrc Logm X, Val]gfa of H.E.M.T. Celrxllti- peé'atlére Deflection.| Log g 01;:?2
tion. ent. metres. ent-
1897.
February, ......; 172 8 19m-p, 3s. 6234 | 15°.4 | 2.33090| 586.80 } 174 2h. 4]m.p, 40 14,8 | 205218 3.20608 | J.LP,
30 6 50 10
4 10 p. 40 14 8|2 52 46
30 6 50 40
Aprily coeviniinn 13 3 19 p. 3.6320 | 24 .5 | 2.33041; 585.65 13 2 47 p. 40 24 912 5106 3.20488 "
30 6 47 51
4 05 p 40 24 612 5120
30 6 48 05
June, . ..ovnninn 15 3 25 p. 3.6369 y 31 .6 | 2.33116| b586.00] 15 2 50 p. 40 31 4|2 5035 3.20464 »
30 6 46 21
4 07 p. 40 31 012 50 46
30 6 46 36
Augustye.eeaiienees 17 3 19 p. 3.6338 | 26 .4 ] 2.33042; 58537 17 2 41 p. 40 2 4|2 5035 3.20444 ”
30 6 47 03
4 08 p. 40 26 4 {2 50 56
30 6 47 24
October, «vovenee| 203 17 p. 3.6351 27 .6 | 3.83065| 585.563 1 20 2 42 p. 0 27 212 5045 3.20446 .
30 6 46 53
4 03 p. 40 26 .8 | 2 51 04
30 6 47 16
December, ....... 14 3 11 p. 3.6293 19 .4 ! 3.33023| 585.67 14 38 p. 40 19 012 51 40 3.20506 "
30 6 48 40
3 87 p. 40 19 512 51 64
3 6 49 01
Table XVI.
Results of Magnetic Observations in 1897.
MAGNETIC FORCE.
Declina- Dip
Month. Et,g’s’; North. ENcLIsH UNITS. METRIC UNITS, C. G. M. Units,
X, Y. Total. X, Y. Totud, X. Y. Total.
February,..c....... 0° 24’ 577 | 31°38'02'] 7.9183 4.8779 9.3002 3.6510 2.2491 0.36510 0.22491 0.42882
April, e 23 05 {31 3800 7.9249 | 48818 | 9.3079 | 3.6540 | 2.2500 036540 | 0.22509 | 042917
JUNE e rerernes 91 52 (31 36 29| 7.9338 48825 | 93158 | 36381 | 22512 038381 | 022512 | 042054
Aungust,..eeninnins 22 26 |31 36 07 7.9288 4.8782 9.3094 3.6559 2.2493 0.36559 | 0.22493 0.42924
October, .. 23 35 |81 36 04 7.9309 4.8793 93117 3.6568 2.2493 4.2935 0.36568 0.22498 0.42935
December, . 23 59 |31 36 43 7.9217 1.8757 9.3021 3.6526 2.2481 4.2890 0.36526 0.22481 0.42890
Year,......; 0 23 19 |31 36 54 7.9264 4.8792 9.3079 3.6547 . 2.2497 $.2017 0.36547 0.22497 0.429;-

Ri
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Appendix A.
THE LAW OF STORMS IN THE EASTERN SEAS.

InTRODUCTION.

The first chapter of the following paper treats of the law of storms and was first published in
Hongkong in September, 1886. It was read before the British Mercantile Marine Officers’ Associa-
tion on the 17th May, 1893. It is now reprinted with later additions. The second chapter treats of
the management of ships in typhoons, and was originally included in the pamphlet on the law of
storms. It was read as a separate lecture before the Shipmasters’ Society, London, on the 16th
January, 1896, and is now reprinted with a few additions. The third chapter was printed in the
Government Gazette. The fourth and fifth chapters, on different classes of typhoons and on winter-
typhoons in the southern part of the China Sea, appeared in  Zeitschrift fiir Metcorologie 7 in 1897.

Plate 1 illustrates the different classes of typhoons enumerated in § 4. Figure 1 shows how the
wind blows in a typhoon as determined by aid of observations made at the Hongkong Observatory during
the years 18%4-87 inclusive. Figure 2 shows a typhoon in the Formosa Channcl on the 21st and 22nd
August, 1834, The height of the barometer is noted near the isobars.  The arrows fly with the wind,
whose force is given in numbers. The large arrow shows the direction in which the whole disturb-
ance was progressing. Figure 3 shows a typhoon that was lying a little N of Formosa on the 17th
July, 1890. The number of feathers on the arrows indicates half the wind-force, e.g., 3 feathers means
force 10, Figure 4 shows a typhoon in the China Sea on the 15th November, 1891.  Figure 5 oue on
the 20th November, 1891, that was moving towards SW. Figure 6 one on the 13th November, 1595.

§ L—THE TYPHOONS IN THE EASTERN SEAS.

It appears that typhoons in the China Sea originate in elongated slight depressions, which some-
times lie across the Philippines as well as the China Sea, but usually exist only over the sea extending
sometimes far into the Pacific. To the north of them it blows moderate N breezes and south of them
somewhat less strongly from the SW. The NE breezes reach generally only as far as northern Formosa
in summer, but in autumn the NE (and farther north the NW) monsoon blows much farther north.
Sometimes the SW breezes to the south of the axis of the depression are stronger than the NIi breezes
to the north of it, and extend apparently down to the equator and are probably a continuation of the
SE trade. 'To the E of these depressions in the Philippines there are light S and SE breezes. In
Annam it probably blows from the N. In summer these depressions begin with rising pressare in the
interior of China or in Japan. In autumu it seems the pressure rises slightly near the equator and SW
winds extend gradually northward over the China Sea. In January and February depressions do not
occur. During the rest of the year they occur about once a month o an average. ~During the summer
months and in autumn they frequently give rise to a typhoon or a small circular depression. The
trough-like depression then ceases to exist. In spring they do not alter into typhoons but cease to
exist owing to the NE monsoon filling them and spreading to the southward.

The depressions have their major axes lying E and W, or ENE and WSW.  Their average latitude
from June to September is 17° N, later more southerly, and in November perhaps 10° N.  They do not
appeur to move at all, and they may be traced for 3 or 4 days. The barometer is read little more than
a tenth of an inch lower in the axis than along the coasts all round them. Along these coasts light
winds circulate against the hands of a watch.  In such depressions the weather is squally and wet, and
the wind variable,—frequently in heavy squalls with great downpour of rain, but thunder is seldom
heard. It appears that in such squalls $ wind happens to extend itself northwards and N wind south-
wards, and revolving storms are thereby generated. If this occurs in the middle of the China Sea, it
is likely to give rise to a typhoon. Of course, it more often happens that a circular storm originates
near the E and W end of the elongated depression as the winds there alrcady revolve as in a rotary
storm except to the W or E of the centre forming, so that the N or respectively 5 squalls need only
gain ground on one side, but in such cases only minor circalar depressions or very small typhoons are
originated.

When the trough stretches from south of Hainan through the Bashee Channel right out into the
Pacific to the south of Japan and the NI and SW winds on either side of it are fresh or strong, the
conditions have often been mistaken for two typhoons, one in the China Sea and one to the south of
Japan, before ever any typhoon was formed.

The heavy rain is, of course, not the cause of the phenomena, for the rain itselfis caused by the air
rising in the axis of these depressions, also the water-vapour condensing gives out heat and thus in the
first 1nstance makes the mercury rise in the barometer before a squall, but there cannot be any doubt
that the quantity of water-vapour condensed to form perhaps 10 inches of rain per day, and whose
pressure is thus abstracted from the barometric pressure of the air, causes the permanency of the
depressions. It is different with the rainfall in the SW monsoon. That is spread over a large area
and does not give rise to a low pressure in one spot surrounded by higher pressures.

It is rather difficult to say whether a depression in the China Sea, when its existence has been
ascertained, is a typhoon or only a minor disturbance, but if the following signs are observed exactly
as now to be explained, then it is certain to be a typhoon. A minor depression gives signs less well
marked and more confused.



THE HONGKONG GOVERNMENT GAZETTE, 29te JANUARY, 1898. 69

The earliest signs of a typhoon are clouds of the eirrus type—Ilooking like fine hair, feathers or
small pale white tufts of wool—travelling from the east or thereabout, their direction backing towards
the north, a slight rise in the barometer, clear and dry but hot weather, calms or very light winds.
If cirrus come from W, they prove that there is no typhoon. If they come from the S, then there
may be a typhoon more than 600 miles to the sonthward. This finc weather lasts for days and the
existence of a typhoon at a great distance is a cause of fine weather all round and contributes therefore
to the safety of ships at sea,—a fact that is not sufficiently appreciated by mariners.

The cirrus clouds, which frequently assume fantastic shapes, make their appearance within 1,500
miles of the centre of a typhoon. They show that water-vapour has risen about 6 miles in the
atmosphere through the air rising near the centre. The barometer is generally rising beyond 600
miles of the centre, and the mean of the twenty-four hours’ temperature- rises im Hongkong above
81 deg.  Halos round the sun and the moon, phosphorescence of the water and also glorious sunsets
with grand twilight rays, appear to be frequently noticed before typhoons.

Cirrus radiate from various directions but when there is a typhoon, and the radiation is very
distinet, it is usually from the same direction as the bearing of the centre.

An increasing swell in the sea is noticed from 300 to 600 miles from the centre, or farther of,
but this depends greatly upon the situation of the nearest land, and particularly upon whether land
intervenes between the observer and the typhoon centre.  The swell arises from the heavy seas that
accompany a typhoon, and form the real danger to ships, which are usually well fit to stand the force
of the‘wind without too serious damage. As the velocity of waves in the sea is much greater than the
velocity of the centre, the swell is frequently of great help in forecasting a typhoon, but it appears that
the bearing of the centre is not well determined from the swell ; besides the swell would indicate
where the typhoon wus at a certain time previous when the waves that caused the swell were raised
by the wind. For instance, N of Formosa, 7. e.. between the I coast of China and SW J apan there
is usually a heavy E to ST swell, when a typhoon centre is approaching from SE or E, and the sea
there gets very high when the centre is yet at a great distance. A heavy cross swell is a certain
indication of a typhoon, except near rocky land, where cross swell may be caused by reflection of the
direct swell.  The cross swell arises from the heavy confused cross seas raised by strong winds from
different directions round the centre.

Within 600 miles of the centre the sky is often half overcast with cwmulus, above which cirro-
cumulus is seen, the sky being frequently paled by high and faint cirro-stratus. S and SW of and
beyond 200 miles of the centre, thunderstorms and cumulo-stratus are seen. They may also occur to
the W and E of and as closc as 250 miles to the centre, but there they are rare, at least during the NE
monsoon. In fact, the belief of the Chinese that where there is a thunderstorm there will be no
typhoon appears to be well founded. If thunder and lightning should appear to the N of the centre,
little or no rain falls at the time. The old accounts of typhoons are probably sometimes to be explained
as mere thunderstorms, while on the other hand during a typhoon the noise of the wind and waves
might easily be mistaken for thunder.

On approaching nearer than 500 miles to the centre, the cloudiness increases, and the mercury
begins to fall slowly (seldom as much as a tenth of an inch in 24 hours) in the barometer. Then the
air becomes oppressive, a slight haze is observed during the morning hours, and the sky presents a
threatening and vaporous appeaiance. The weather is then most unhealthy and depressing. Many
people find it impossible to get any sleep owing to the very high night temperature.  All sorts of vermin,
including snakes, spiders, beetles, and typhoon flies (dragon flies), are unusually active.

Within 300 miles (or in different typhoons between 200 and 400 miles) of the centre there is a

heavy cross sea, which thercfore gets up some time before, and lasts longer than the wind. Within
250 miles in front of the centre the sky becomes overcast, and the temperature falls in consequence.
" Within 200 miles of the centre the temperature falls quickly, owing to the heavy roll-cumulus
with which the sky is densely overcast. About this distance, just in front of the centre, the air
becomes sometimes abnormally dry, and the sky at the same time presents a peculiar black and
ominous appearance. And meantime the wind has risen and blows generally with the force of a strong
breeze rising to a moderate gale in the squalls. But this depends also upon the bearing of the centre,
the wind being usually strongest in the right-hand semi-circle. Within 200 miles of the centre there
is usually a mountainous cross sea.

Within 200 miles to the N, and within 150 miles in front of and to the S of the centre, heavy
rain begins to fall, and within 60 miles (or from 60 to 150 imiles) it pours down in torrents. The
temperature near the centre in Hongkong is often ubout 78° and over the China Sea 76°, but on board
ship a temperature as high as 83° has been registered, but that is very unusual.

~ The dimensions of different typhoons vary much and near land the strone winds are often so
irregularly distributed than in a place near the centre less wind may actually be cxperienced than at
some distance farther away from it.  The approach of the centre is judged by the fall of the mercury
in the barometer and by the increase in the strength of the squalls.

No conclusions can be drawn with certainty from the reading of the barowmeter concerning the
distanice of the centre. The readings differ in different typhoons occurring during the same month
and are also different in different months (owing to the annual variation in monthiy mean pressure).
Taking the mecan of several typhoons I obtained at 40 miles 29.20, at 50 miles 29.30, at 100 miles
29.40, and at 200 miles 29.50,
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The force of the wind is also different according to the dimension of the ty phoon On an averaze we
have force 12 within 35 miles of the centre, force ll at H0 miles, force 10 at 75 miles, force 9 at 110
miles, force 8 at 145 miles, force 7 at 180 miles, force 6 at 220 miles. and force 3 at 250 miles; but it often
blows force 6 at 300 miles from the centre and then the area with strong wind is increased in proportion.

Within from 2 to 15 miles of the centre the wind calms down, or nearly so, and the sky usually
clears overhead, more or less. at sea (or over an island), being now covered thu‘e by only very licht
clouds or haze, throu(rh which the sun or the brighter stars are visible. The sea is often seen to boil
like a cauldron. Its surface has been whipped into foam, and a lot of air has been caught by the waves,
which escapes under the low air-pressure in the bull’s eye of a typhoon. The sea is as a rule moun-
tainous and confused, but sometimes near land it calms down when the diameter of the calm area
exceeds 20 miles. Quantities of sea-birds, and, closer to the shore, also land-birds, butterflies, an
other insects cover a ship caught in the centre of a typhoon. The centre of the calm area, round
which the wind circulates, does not always exactly coincide with the point where pressure is lowest,
i.e., the centre of the isobars. It has been found that the calin followed some 20 miles after the
lowest barometer reading, but such is not alwavs the case, and the reverse has been suspected on more
than one occasion. Vexy deceitful Tulls occur during the raging of a typhoon.  They last sometimes
long enough to be mistaken for the central calm, but when the wind rises again it comes from nearly
the same direction. Thus in case of tvphoons moving W or N in the China Sea in summer there
is sometimes an arvea, some 60 or 70 miles behind or to the S of the centre, where the wind falls to a
fresh or strong breeze, which again increases rapidly and even a couple of hundred miles farther away
it blows crronﬂer than over that arca. The dmmeter of the central calm in a low latitude in summer
is about 4 mlles, and the seca is mountmnom from all directions, but farther north or late in the year
the diameter reaches sometimes from 40 to 50 ml!os, and the sea then often goes down together with
the wind, but the character of the bull’s eye is then less well defined. The weather becomes dry,
though in one or two cases torrential rain has been registered within the central calin. Inland in China
the bull’s eyc has never been observed.

When the wind rises in a typhoon it blows in gusts and the mercury heaves in the barometer.
When the wind has reached force 11 it blows in fierce squalls of som-times about 10 minutes’ dura-
tion, while the mercury heaves up and down as much as a tenth of an inch. The mercarv often
gives a jump upwards as the wind begins to veer in a squall.  Then it drops down and gives another
upward jump as the wind comes back to nearly its old direction. During these squalls an enormous
quantity of rain falls in a few minutes. The temperature falls and rises a fraction of a degree or more.
The wind does not return to quite the former direction, except just in front of the centre. At the
time when the centre is nearest, a fierce squall is usually felt, and in that squall the direction of the
wind changes considerably, and the barometer bepins to rise.  The squalls appear to be caused by an
up-and-down movement of the air.  As the air comes rushing down the rain drops evaporate in the
hotter stratum near the earth’s surface, and owing to the increased tension of water-vapour, the
barometer (after a fall caused by the cold of evaporation) begins to rise: The wind veers towards
the direction of the wind above, which latter is known from the motion of the clouds. Then the air
starts to rise with a deluge of rain, caused by the condensation of vapour arriving at the cooler
stratum above, while the barometer (afrer a rise caused by the heat of condenwtlon) drops down
owing to the cessation of the pressure of water-vapour condenscd into the rain fallen, and the wind
resumes the direction determined by the central depression; for the latter is so great in a typhoon anl
gradients so steep near the centre that subsidiary dcprcsuons have never occurred in the China Sea.

It is a fact that more damage to vessels is caused by the fearful seas than by the wind, For-
tunately masters of ships are now making use of oil to calm the waves, a remedy which has been
used with good effect for the last three thousand years. Thick oil is best—mineral oil is of no use—
and it should be allowed to ooze out of canvas bags half full of cotton waste and slung from the
weather bow, or it muy be left to ooze out of other openings, such as water-closets. It is still more
effective when fired from the vessel towards approaching seas from mortars or rockets.

On shore perhaps as much damage is caused by rain as by wind; but, of course, the former adds
impetus to the latter. The wind blowing from all xides into the centre raises the level of the seu
there, and the sea-surface is also raised about a foot for every inch the barometer falls below its height
outside of the typhoon. When this storm-wave approaches the shore near the time of high watex
which somehow scems to happen rather often, it raises the sea, and is apt to cause extensive and
disastrous inundations over low-lying shores, as the crests of the waves (which at sea may be 30 feet
high or more) on entering shoal water may rise 60 feet or upwards above sea-level in a typhoon.

The incurvature of the wind in a typhoon depends upon the monsoon.  Tn May, June, July, and
August the angle between the wind ((111‘ect10n whence coming) and the bearing of the ccntrﬂ is 11
pomts in front of the centre, 104 points in the right-hand quadrant, 12 points behind the centre and
114 pomtq in the left-hand qmdl ant. During \eptember October, and November it is 11 points in
fl'ont, 114 to the right, 12 in rear, and 11 pomts to the left.  This shows that the monsoon blows in
towards the centre and combines with the cyclonic winds, It will be remarked that the wind blows
across the path in front and helps a vessel to run across the path in front of the centre, keepiny the
wind on the starboard quarter 3 points from the stern. In rear the wind blows more straizht in
towards the centre, and it also blows stronger in rear than in front.
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The angle depends also upon thefdistance from the centre. At 25 miles it is 10§ points (very
uncertain), at 75 miles it is 11 points, at 125 wiles it is 11} points, at 150 miles it is 114 poiots, at
200 miles it is 12 points, at distances greater than 300 miles the centre bears perhaps about 15 points
from the wind (very uncertain).

The angle depends also to some extent upon the latitnde though south of Northern Formosa the
connection cannot be traced.  But in 30° N the average angle is about 10 points and heyond Japan 9
points might perhaps be allowed. '

These rules fail, however, near some shores if the centre is not very close. Thus there often
blows a steady E gale along the S coast of China when a typhoon is crossing the China Sea. The
wind blows into the China Sea through the Bulingtang Channel and blows along the S coast of China
from 5. If the centre is passing to the southward at a distance of severa! hundre:! miles, this reminds
one of the NIi monsoon, but now it blows harder the lower the pressure falls, while in the NKE
monsoon it blows harder the higher the pressure rises. About the N entrance to the Formosa
Channel,—one of the windiest places in the world—the gale blows often steadily from NE while
there is a typhoon to the § moving westward. Again near the coast of Annam, the wind is likely to
hang long about N. This action of the coastline in certain localities favours sometimes the birth of a
typhoon, thus when the NE monsoon has set in along the S coust of China, and blows from N along
the coast of Anuvam, the SW monsoon (deflected towards the right) is hemmed in by the Island of
Palawan and forced into a more southerly direction to the W of Mindoro, and it is found that typhoon
centres are formed near that locality ; and also SE of Hainan in an avea one side of which is exposed
to streng E wind coming throngh the Balingtang Channel, the other to SW winds when pressure is
high near the equator.

As tar as Hongkeng is concerned, the following table, constructed by aid of observations made
here during the vears 1884-1887 inclusive, gives the details. - The first column shows the direction
of the wind at the Obscrvatory. the second the direction of the wind at the Peak, the third the direction
whence the clouds are coming, and the fourth the bearing of the centre. The results differ from the
rules given above Lecause the centre is inland whenever its latitude is greater than that of the Obser-
vatory, except far away to the NE, and as socn as the centre of a typhoon enters the mainland it begins
immediately to fill, ceases to exist as a typhoon, and can be traced as only a slight depression :—

Wind Wind Clouds. Centre.
at the Observatory. at the Peak.
E by N E E S
NNE NE ~ NE SE
NW by N N N E
W by N NW by W (7) NW by W NE
SW by W W by S WSwW N
S by W SW by S SW by S NW
SE by S S by E S W
ESE SEby E SE SW

A Typh.oon LR Hong Ktmg.
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Very low clouds in a typhoon move with the wind, but if the clouds are higher they move round
the centre in front and to either side, but more in towards the centre in rear. A heavy nimbus cloud
passing to leeward causes heavy squalls, veering or backing regularly; and to windward it has the
opposite effect. The cause of this is obvious.

The wind blows from a region where the air pressure is higher towards one where it is lower.
It is, however, deflected towards the right in the northern hemisphere. The force of the wind depends
upon the difference of pressure between one place and another situated in the direction where the
barometric slope or gradient is greatest. The gradient is measured in hundredths of an inch per 15
nautical miles. The force of the wind corresponding to a certain gradient is greater the hotter the air
is, and is different in a typhoon from what it is in the trade, owing to the path of the air particles
being curved. They are almost logarithmic spirals, but somewhat different from such curves. A
gradient of 0.01 corresponds to force 4, 0.02 to 6, 0.03 to 7, 0.04 to 8, 0.05 to 9, 0.06 to 9%, 0.07 and
0.08 to 10, 0.09, 0.10 and 0.11 to 11, 0.12 and above this to 12. The stcepest gradient usually met
with is a third of an inch in 15 nautical miles. Gradients above this are rare, but sometimes they ave
much greater. The steepest gradient (1 inch in 15 miles) ever met with occurre!in alow latitude in
the Pacific. That corresponds to a wind velocity of perhaps about 160 miles per hour at sea level.
Such velocities are not uncommon at an altitude of 2,000 feet in severe typhoons. Anything above
80 miles per hour is called a typhoon. It is seen that there is ns great difference between the force of
one typhoon and another as between a calim and a storm which nearly reaches typhoon force.

When a typhoon is blowing it is of great importance to have a house well shut-up. Windows
and doors should be firmly locked, bolted and barred. Damage is frequently caused by shutters being
out of repair. Once the wind enters a broken window, it beom.s to blow through and its force is then
quickly felt. As long as all apertures are thorouo'hly shut on both sides a fearful howling and
whistling is heard, the rain blows in through the smallest openings and the house may shqlxe, but
damage is seldom one. Should a fierce sqnall get the chance to blow into a house, the roof is often
the first part to give way. It is believed that pressure falls so quickly outside that the air confined
in the house bursts through the roof like an explosion, but there is no foundation for that belief; it is
more likely that a fierce qquall would break through the windows and doors and through the roof as
well,  Bat if any fear is entertained of the air belnv confined inside, it is merely necessary to leave
the chimneys open so that pressure inside will be nearly the same as on the outside.

In many typhoons the barometer, reduced to the temperature of freezing water and to sea-level,
does not fall below 28.80 inches. In others it falls as low as 28.50. Lower readings are rare, but
sometimes it falls much lower.

No typhoon ever stands still. As soon as it is formed, it is carried forward by the prevailing

wind. That is why the isobars® are elongated, except near the centre where the force of the prevail-
ing wind is of no account. The isobars ‘could be circular only in a stationary typhoon. That is
also why typhoons move so as to keep the areas of high barometer on their right, and so as to recede
from areas where the barometer is high, and so as to approach low-pressure areas. Most of the
typhoons that originate in the Pacific to the East of the Philippines or Formosa move Westward a
first, then NW, then N., then they recurve to the NE, and beyond Japan they move Eastward. lhat
is under the influence of the hl(’h -pressure area in the Northern Pacific, which they rotate around in
the same direction as the hands of a watch. When there are two typhoons about at the same time,
they rotate round cach other in the opposite direction, that is, abstracting from the influence of the
high-pressure areas, which may cause them to move somewhat dlﬁ"u'cntly from this simple rule. In
the China Sea there is sometimes a low-pressure channel between high pressures in China and in the
Southern part of the China Sea. A typhoon in the Pacific at such times is attracted towards the
China Sea and passes along the low-pressure channel, because the winds blowing to either side of this
channel agree with the winds round the centre of a typhoon, and they move according to the principle
of least action. During the typhoon season typhoons follow each other quickly, and there are often
several at one time raging in different parts of the Far East. Then they cease, and there ure none
maybe lfor several weeks ; but during the height of the scason in August and September that is most
unusual.

As explained above, the paths of typhoons in the Pacific look often like parabolas, but those in
the China Sea are quite different and the difference must be due to the distribution and land and sea.
The latter do not as a rule recurve, 7.e., move North-castward aflter having moved North-westward and
Northward. Some of them, in fact, disappear in the China Sea after turning to the SW. Others
recurve between 20 deg. N and 40 deg. N, and between 115 deg. E and 130 deg. K. The Middle
Dog lighthouse at the Northern entrance to the Formosa Channel is the centre of the region of recur-

* Curved lines drawn on a map through places from which the same height (corrected and reduced) of the barometer is reported or
between those that report a slightly higher and lower pressure are called isobars. The gradient lies at a right-angle to the isobas, These are
the most important elements for forecasting the weather. The curvatare of isobars indicates the existence of KILPIC‘SBIOHB beyond the arca where
the telegraphbic reporting stations are situated, but it is of course impossible to lay down the centre accurately from such data, e.g., while over
the sea its position and motion can only be gueﬂ&td at, not known with certainty.
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vature, if the typhoons that reenrve in the China Sex are not taken infs account. A vessel having
experienced a typhoon is not likely to fall in with it again after it has recurved, but it happens to
vessels in the Pacific, especially to such as have suffered damage and been carried all round the centic
when they first met the typhoon.

Typhoons cease to exist, except us mivor depressions, as soon as the centre enters the mainland.
T'he centres of different typhoons often enter the coast in the same place: where it is low, as for
instance, the Lien-chau peninsula; near Huilingsan ; the Canton river, ete.  The typhoons originate
during squalls in hot and damp places near sca-level and over the sea.  Storms in N China originate
higher up in the air on the mainland seross which they move, and they do not appear to increase in
strength so quickly as the typhoons, when the centre ‘reaches the sca. «Islandsc—even Formmnosa with
its high mountains—do not affect a typhoon’s path much though they tend to break the typhoon uyp,
to some extent, as is particularly noticeable in ease of typheons remaining long over the southern
Philippines or crossing Formosa moving from S towards N, On the coutrary, open channels sucl
as the Balingtang Channel, the Formosa and Korea Channels, have much greater effect on the path.
It has already been remarked that the progression of a typhoon is the effect of the wind prevailing at
the time at or near the carth’s surface. Now, the wind rushes with such foree through open channels,
with more or less high mountains on both sides, as to deflect the typhoons and aceelerate their speed.
This is sometimes seen in the China Sea, when the centre of a typhoon is moving slowly northwards.
As soon as the contre approaches the latitude of the Balingtang Channel, the centre hends its way
suddenly to the Westward, and rushes towards Hainan perhaps thrice us quickly as it moved beforc.
Typhoons entering the Formosa Cliannel and at times the Korea Channel are deflected to the West-
ward and have their specd aceelerated by the strong NE winds in those Channels. As long as the
SW monscon is strong, the typhoons move in some Northerly direction. [t is only late in the ycar
when the NE monsoon happens to blow very fresh that typhoons move South-westward in the Ching
Sea. '

Typhoon in the Formosa Chanmet
1884 August 2]-22.
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The average rate of progress of the centre of a typhoon in 11 deg. latitude is 5 miles an hour.
In 13 deg. it is 63 In 15 deg. itis 8. In 20 deg.iti1s 9. In 25itis 11. In 30 deg. it is 14, and
in 32} it is 17 miles an hour. ~ South of 13 deg. the speed does not vary pereeptibly, so it is useful
for mariners to know it, but it is more variable the farther north you go. In 32§ deg. N it ranges
from 6 to 36 niiles an hour, so that yon cannot be sure that a typhoon encountered there will travel
at anything like the average rate of speed. We have not traced the centre of a typhoon nearer to the
Equator than about 9 deg. N.  But a very slightly falling barometer, a squally SW wind, a lumpy
sea, and some swell, may at times be traced nearly all the way down to the Equator.

The prevailing wind not only carries the centre along with it, but combines with the rotary storin,
causing the wind in the right-hand (the dangerous) semi-circle to be stronger and to blow more nearly
round the centre than in the left-hand (the manageable) semi-circle, where the wind is more moderate
and blows with greater incurvature towards the centre. It also causes the wind to blow nearly
straight in towards the centre behind the typhoon and to blow more across the path in front of the
centre. It also makes the weather heavier after the centre is past than it was while the centre was
approaching. ‘ :

Less than half a mile up in the air the incurvatare of the wind towards the centre disappears in
ihe averace of the different quadrants, but it still blows in towards the ¢entre in the rear. It is really
the wind at this altitude that carries the typhoon along, for late in autumn there are every year
typhoons that move along against the NE monsoon, but we know that that monsoon is at times very
shallow and there is SW wind above it. These typhoons disappear sometimes suddenly ; evidently
when the NE monsoon increases in depth and intensity.

At a still higher level the air, which has been carried in towards the centre and raised over the
area where it is raining, blows away from the centre, and as the friction of air against air under low
pressurc is insignificant, it sometimes rushes away with such speed as to cause the upper air to be
sncked down into the central calm. This is the reason- why the sky clears over the bull’s-cye.

Typhoons originating in the Pacific in a low latitude (say 13 deg. N) are very small and very
fierce.  The isobars are nearly circular, as the centre moves very slowly, and the incurvature is 45 deg. in
all directions; but there is this important difference between a typhoon and a tornado—that the latter
is taller than it is broad, whereas the former forms a flat disc. As typhoons reach a hizher latitude
their dimensions become greater, the violence of the wind near the centre abates, and then there is
nothing to distinguish them from storms originating in northern lutitudes. This makes it most
unlikely that the latter originate from causes at all different from those which give rise to a typhoon.
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§ 2—HOW TO \I'A\wx(}w' YOUR SHIP IN A TYPHOON.

Long before the nature of hurricanes was understood it had been remarked by mariners that it
was safer to Lieave to in a storm than to run, but the reason of that was not apparent. When the
law of storms was first discovered it did not all at once mend matters, for, according to the old
cight-point rule, all you had to do when a typhoon approached was to run with the wind on the
star-board beam under as much canvas as your ship eould carry, except when on the path right in
front and the centre moved quicker than the vessel.  That should have taken vou out of the neigh-
bourhood of bad weather, but it did not alwzys do so, and since typhoons have been investigated, we
know that the wind never blows round the centre in a cirele, and that the eight-point rule, Iaid
down bv Redfield, Reid, Thom, and Piddington, is very far from the truth. Tt i3 just as muach out
as Espy’s rule, .1('cordm<r to which the wind blox s always straight towards the centre.  According to
the twelve-point rule, which [ have proved to 0‘)t ain in t\ phor)m (see “ Observations and Researches
made at the llonm\onv Observatory in 1385") you must still run on the starboard tack, but you
must keep the wind only four points from the stem. A steamer can do so easily enough, but it is not
lmmxblo to keep a vessel going ahead under square sails nearer than about six pmm.s to the wind.

She therefore cannot within two points run straight away from the ceatre and her risk is much
greater than it would be if the old rale had proved trne.  The twelve- point rule may be stated
as follows :—Stand with your back to the wind and you will have the centre on your left and about
four-points in {ront of your left-hand. It appears that a ten- point rule obtains in about 30 degrees
Jatitude and a sailing vessel can then just manage to steer, full and by, « course that will take her
straight away from the centre; but ina troplml harricane we s2¢ that the danger is mnch greater
even if the force of the wind were not stronger.

The force ot the wind and the appearance of the weather do not furnish a trustworthy ouide to
determine the distance of the centre of a typhoon. The dimensions are different in almost ali
typhoons, and near land the strong winds are often so irregularly disiribated that in a place near the
centre less wind may actually be e\pcmem,ul than at some distance farther awayv from it. In such
cases the approach of the eentre is judged of by the fall of the mercury in the barometer. But on
the high sea the inerease or decrease in the strength of the squalls, and the state of the weather and
sea, enable the approach of the centre to be l\nown, and this, together with its direction which is known
from the direction of the wind and perhaps also from the clouds, enables the master of a vessel at sen
to lay down the p‘xth of the typhoon, with reference to his vessel, with wore or less accuracy. The
great difficulty is, that the typhoon may be increasing or decreﬂsmo in violence and th: barometric
depre~310n %tmnr _steeper or filling un.  To the eastward of the P!ulmpm(b and near their western
shores the former is likely to take place while the latter would probably happen near the western shores
of the China Sea. In such cases it may become more or less impossible for a seaman to know how the
centre moves, except in 5o far as he can judge by published paths of previous typhoons.

Once the bearing of the mntle has been ascertained from the direction of the wind, you require
to l\now in which semi-civcle your vessel is situated : if in the right-hand semi-circle the wind will
veer, t.e., shift with the sun, and in the left-hand semi-cirele it will back, .e., shift in the opposite
dirnctmn But this rule fails if your vessel is moving with the typhoon and quicker than the centre
is moving. Then the rule may be reversed. Masters of vessels are therefore advised to heave to carly
and observe how the barometer behaves aud how the wind changes; but it is so dangerous to lose
any time in a storm that carries vou into the centre, that this ﬂhoﬂd not be dom except when
absolutely necessary. You may ]nnpcn to be right in front of the cantre and lose your chance of
getting out of its track. Here it is that a kuowlw]ﬂc of the paths of past typhoons such as have been
annually published from this Observatory during the past fourteen years, hecomes so useful.  That
may enable you to know at once in which semi- circle yonr vessel is sitnated, e, g., with NI wind in the
China Sea you are pretty certain to be in the right-hand semi-circle. The wmd shifts faster the
nearer the centre you are, but the direction of the sea does not change so fast as the wind. If the
bull’s eye of the typhoon Overml\es your vessel, the wind bursts again from the opposite quarter, and
with perhaps greater violence than before, that is, when the centre is past. Very deceitful lulls
accur during the raging of a typhoon and Llst sometimes long enough to be mistaken for the central
calm, but in such a case the wind bursts again from about the same direction as before.

The rate at which the barometer falls depends upon your approach to the centre, and in con-
sequence upon the rate at which the latter is travelling.  You cannot therefore s 1fcly draw conclusions
concerning the amount of wind to be expected from the rate at which the barometer is falling, but to
some extent that may be done. Remember that at sea when the barometer has fallen to the lowest
point and is beginning to ris: again, you may expect as much, if not more, bad weather than you

o
have already gone through : 1thou<>h it will be, on the whole, improving.

The right-hand semi-circle is called the dangerous semi-circle ; there you are carried not only in
towards the centre, but also towards the path in "Front of the centre ; ; bestdes, the force of the wind is
greatest in the m(rht hand semi-circle, but fortunately the wind usually veers in the squalls in tho
same direction as it veers with the progress of the typhoon. Here you must make up your mind a
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once which of the following courses open to you you will choose :—Either heave to on the starboard
tack (if there is no chance of the centre approaching too near) which will allow your ship to come
up to the wind and not be taken aback ; or (if in the front quadrant of the dangerous semi-cirele)
ran across the path in front of the centre into the left-hand semi-circle. The incurvature of the wind
Is less in front of the centre than behind (except in some exceptional case when a typheon is moving
against the mousoon). That helps you to cross the path, and you can run with the wind on the
starboard gnarter, threc points from the stern.  1f you are within a point, or even two, of the path of
the centre, it is generally guite impossible to kuow in which semi-cirele you are, as the wind does not
change much, and such change as there is takes place very often in a misleading way. In that casc it
is decidedly wrong to heave to.  Run at once. It may, of course, also happen that you can ran elose-
hauled on the starboard tack il that shortens your voyage and it yon have wveason to think that the
centre will not come down on vou.

The left-hand semi-circle is called the manageable or the navigable semi-cirele.  Here you ave
carvied more straight into the centre, but‘at the same time the wind carries you towards the path
behind the centre, where the danger is less, and moreover the force of the wind is not so areat in the
manageable as in the dangerous semi-cirele.  On the other hand, the wind does not always chiange in
the samnc direction as the squalls.  In this semi-circle you can run close-hauled with the wind on the
starboard tack, but must heave to on the port tack, so as not to be taken aback when the wind backs.
Thercfore you cannot run so long in this as in the other scmi-civele, or you may not be able to wear
vour ship, and when you heave to on the wrong tack, vou ran great risk of being dismasted or having
your vessel thrown on her beam ends, when you may have to cut awav the masts to right her,
although they may not go clean overboard.  They will not do so unless all the shrouds and ropes
were eut before the mast went, and your vessel may have her hottom stove in when she clears them
after they have gone overboard and she is drifting to lesward. A dismasted ship is carried round the
typhoon and into the centre in a spiral course.  Many a sailer has been lost throngh being on the
wrong tack in a typhoon and, as explained above, you have not always the means of knowing with
certainty which tack to choose.

All this is on the supposition that you have ample ser-room, so much the more as your dead
reckoning may be very much out when navigating in a typhoon.  Sometimes a master does not know
where he is within a hundred miles. It is no unusual thing for a vessel caughit in a typhoon in the
China Sea, where dangerous shoals abound, to be carried sixty miles out of her course before it is
possible to take sights.  Lee-way, strong currents, and uneompensated heeling errors account for that.
Heave the Tead as often as possible.

When running to the southward ucross the path of a typhoon moving westward, you will most
likely be to the eastward of your dead reckoning from the effect of uncompensated hecling error, but
this 1s not always so. If the permanent magnetism of your ship has been properly corrected by
permanent magnets, including a vertical magnet to correct the permanent vertical magnetism, and if
the induced horizontal magnetism has been corrected by Airy’s soft iron balls, and if the induced
vertical magnetism has been corrected by a Flinders' bar, then the heeling error ought to be nearly
insensible.  But, on the other hand, if the semi-cirenlar deviation aricing from induced magnetism has
been corrected by permanent magnets, then the heeling error may be considerable, say, one point,
which may carry you as much as 40 miles out of yonr dead reckoning in a day. When on the
magnetic equator, where there is no vertical force, you should always adjust your permanent magnets.
Lt is better to remove Flinders’ bar while that is being done, as it may chance to interfere somcwhat
by acting as a short horizontal soft iron bar.

When hove to on the proper tack you should, if you are on board a steamer, keep the cengines
soing ahead dead slow and use oil to calm the sea and prevent it from breaking on board. A small
steamer, with insufticient engine power, may resort to a home-made deep-sea anchor. A steamer
sometimes rides most casily when stem straicht on towards the sea, a position by all means to be
avolded by a sailer, who must be kept four points from the wind.  Some mariners are in the habit of
heaving to stern to wind and sea, or even lashing the helm amidship and allowing the ship to select
its own position : that will not do in a typhoon, where a vessel so handled would quickly be carried
in towards the centre.

A great deal now depends upon how yea arve laden.  Much has been said against overlonding, but
quite as many vesscls have been lost for lack of ballast or from shifting ballust, as {rom overloading,
A heavy voller might possibly even be safer than o vessel that keeps very steady from having its centre
of gravity high up near the metacentre and consequently little stability.  With regard to trim, a
vessel behaves usually best on even keel.  If she is down by the head she steers badly, and if she is
down by the stern, the wind and sea may throw her head off to leewird. A vessel with a hurricane
deck las a great advantage over those with solid bulwarks. Ifin soundings, and she will not come
up otherwise, you must clubhaul her, in order to get her head to wind, but it should be sufficient to
pay out a hundred fathomws of chain or upwards in order to preveut her from falling off into the
trough of the sea. A sailing vessel may when drifting before the wind pay out a leng hawser astern
but it would be dangerous to try that on board most screw-propelled steamers, as the hawser imight foul
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the screw, when the vessel is pitching in a high sea. When a typhoon is blowing you can not set the
spanker to get her up, as the sails are usually blown clean out of the gaskets. Extra strong storm-
staysails are carried till they blow away, in order to steady the ship. A sailer usually behaves better
than a steamer, ns even under bare poles she has enough tackle aloft to offer resistance to the wind
and keep her bows out of the water, Should the masts go overboard, a sailer, in proper trim, has
still a better chance than a steamer, when her deck is swept by the seas, as the harches may be more
easily kept battened down than on board a steamer with its engine-room skylights, ete., but the-way
of battening down hatches leaves much to be desired.  In 1886 [ snggested that they should be screwed
down like the covers of the portholes, and you ought not to trust to wedues or even to chains.  Lately
this suggestion has been taken up, at the Shipmasters’ Society, London. Any vessel labouring in a
mountainous cross sea near the centre of a typhoon is, however, in a mosthelpless-condici-n. By that
time there is nothing further to be done. It must therefore be your aim to avoid that contingency.

The most dangerous typhoons have been encountered in the Pacific in a low latitude, say 12°,
and 130° or 140° longitude. 'They are so small there and move so slowly that it ought to be easy to
avoid them on hoard a steainer.  They move WNW-ward, and you are safest to the SE-ward of them.
You can see such a typhoon coming up in the shape of an arch ut first perhaps whitish in appearance,
but soon developing into a dark and threatening cloud. Its dark appearance and the extreme slow-
ness of its motion,—in fact it does not appear to move at all,—distinguishes it from an arched squall,
which is moreover often brighter in the centre. If the direction of the motion of the clouds in it is
seen to be nearly perpendicular to the bearing of the top of the arch, then there is no doubt that it is
a typhoon.  Even in iHongkong I have seen a typhoon approach like that.

If after leaving Singapore hound for Hongkong in the SW, monsoon. you find that the baromster
falls more than it ought to, the tmonsoon begins to freshen in squalls, and you notice a cross swell, a
lumpy sea, and other signs of a typhoon, then you ought to shape your course to the south-eastward,
s0 as to sail ronnd the centre and benefit by the favourable SE wind behind the centre.  Buat if the
scason is late in the year, you had better make sure that it is not travelling south-westward, in which
case you may be overtakeu by the cyclone. Such typhoons are often the cause of high seas in the
Gulf of Siam, but as their progressive motion is usually slow, you can “heave to” in order to make
observations without losing ground perceptibly. Up to within the last few years steamers ofien kept
their course and travelled from the navigable into the dangerous semi-circle, where they suffered great
damage and delay. But that happens seldom now.

If after leaving Hongkong bound for a northern port you fall in with a typhoon coming through
the Bashee Channel, and moving NW-ward into the Formosa Channel, you ought to run to the south-
ward, aud if bound for Yokohawa you may afterwards shape a northern course along the east coast of
Formosa, where the Kuro Siwo current occasionally sets fast towards the NE.  As the typhoons are
nearly always moving northwards you are usually safest to the S or rather SE of the centre.

Ships between Foochow and Ningpo are liable to experience the NW gales that precede a
typhoon travelling westward and about to strike the coast in that neighbourhood. If you do not like
to expose your vessel to the high confused seas round northern Formosa, you should run into
shelter early, aud wait there till the barometer rises and the weather improves and the tide allows you
to get out again.

Between Shanghai and Japan you are liable to fall in with a typhoon travelling in any direction
between WNW, N and K. You are therefore safest to the S of the centre bus thar may be in the dan-
gerous semi-circle and the wind is strongest there.  North of this latitude you would prefer to be W of
the centre. Near Japan most typhoons move NE-ward. 'They generally travel quickly and do not give
s0 long warning as further south. In these typhoons you cannot know in which semi-circle you are
till the wind shifts.  They are as a ruls not so violent as within the Tropics, though sometimes they
are just as bad, but the incurvature is not so great.

You all know that though typhoons are dungerous on the open sea, they are still more to be
teared in open anchorages and ncar lee shores, such as in Formosa, where you must be ready to run
to sea at very short notice, as you could not lie there with any chance of riding out a typhoon, except
in the inner harbour of Takow. When you then experience a N gale and a falling baroweter, by far
the surest sigus of an approaching typhoon, and appearances quickly get worse, you must run to the
SW with the N gale and bring your ship into a most dangerous position iu front of the centre (unless
there is time to cross the path) rather than remain at an unsafe anchorage. When ut ancnor up
against a lee shore there is not only danger of being thrown ou the shore, but also dang.r of going
down at your moorings. The waves running into shoal water are at first very much increased in
height, the slope along the wave-front gets steeper, and when in the hollow of a wave that may be
forty teet below the crest, there is a chance of having the bottom knocked out of a vessel, except when
the ground is soft mud. Waves on the open sea do not exceed thirty feet in heizht, measured from
crest to hollow, but still it is not known how high they rise in a cross sea near the centre of a typhoon,



78 THE HONGKONG GOVERNMENT GAZEIUTE, 29mu JANUARY, 189S.

A knowledge of typhoons and their paths is often required when you have to decide whether to
remain at your meorings or to slip your cable and run : for instance a vessel between Hongkong and
Swatow in an anchorage sheltered against N and IX winds will be safe while a typhoon is moving from
E to W across the China Sea, but should the centre move northwards the vessel might be thrown on
a lee shore when the wind backs through W to S.

A steamer at anchor, when a typhoon is approaching, should get up steam and a sailer should, if
possible, take down the top masts as soon as it blows a fresh breeze in the squalls. With reference
to a sailing vessel the time when to begin striking the top masts must, of course, depend upon the
extent to which she is undermanned. Striking the masts increases the rolling. A sheltered anchorage
must be selected, and when the centre pusses very near, the berth may have to be changed to the
other shore before the wind shifts to the opposite quarter, but along the China coast it does not blow
so hard after the centre has entered the mainland as before. A vessel moored by single anchor will
swing with the sun in the right-hand semi-circle, and «zainst the sun in the left-hand semi-circle. I
two anchors are dropped, the anchor on the advancing bow should be let go first.  Therefore a vessel
in the right-hand semi-circle should first drop her port, and afterwards her starboard anchor, so as to
ride with open hawse, and a vessel in the left-hand semi-circle should first drop her starboard anchor.
But now it is usual to ride to a single anchor with a scope as long as possible,—over a hundred fathons
should be paid out,—as the strain on two cables at a great angle is more or less increased, and very
irregular owing to the labouring of the vessel in the high sea. A second anchor is paid out in line
with the first to veer upon if the first should not hold, and a third anchor is kept ready. A vessel
depending upon a single anchor, or upon two anchors dropped at an angle, may go ashore if a link
should break. The engines can be kept going ahead deal slow unless the steamer is too light, so as
to relieve the anchors, but as this increases the irregularity of the strain, you had better stand by, so
as to start the engines whenever necessary. Shallow river boats pay out cables on. either side so as
to help the vessel to keep uprizht, but at the same time they must have a single anchor paid out
ahead to ride to, for no cable at a great angle could stand the strain caased by a typhoon.

A vessel in ballast steamine ahead dead slow may at times entirely relieve the strain on the cables
and then fall off into the trough of the sea. Should theu a squall strike her broadside, she is pretty
sure to drag her anchors or even break a link in her cable and go ashore. Tt is therefore of no use
turning the propeller slowly if she is light, and especially not if she is down by the stern, as it only
increases the yawing and dragging.

With reference to typhoon anchorages in China beginning with Hainan, we bave Backli bay (19° 7/
N. 108°389' E.) with shelter against winds between NNE. and S. only. It is not a very good har-
bour, and the natives are not to be trusted. In southern Hainan we have Yulinkan bay 18°12/,109° 33'),
an excellent typhoon harbour in case the ceutre is to the S. of Hainan, as often happens. Gaalong
bay (15°13', 109° 34") may also be used. Maniu harbour (19° 57, 109° 52') can be used when the
centre is to the north of Hainan. Hunghom bay (20°17', 110°23’) is shallow and is not often used
except when no better place is within reach. Hui-ling-san (21° 34/, 111° 47") and Namo harbour
(21° 385", 112° 34')) are available between Hainan and iongkong. Near Hongkong is the excellent
harbour by Saint John’s Island (21° 407, 112° 42',) which is commonly used. Vessels of great draught
anchor to the S. of the position given. Tongku harbour (22° 35", 113° 55"} is used in case of typhoons
crossing the China Seca. 1t offers no shelter against . winds. This is at the mouth of the Canton
River. Higher up the river ships anchor under the Bogue forts although typhoon centres pass over
that spot, but then it does not blow so hard as out at sea, when the centre is inland. Inside the
Capsingmoon pass to the W. of Mahwan is shelter against typhoons, but Chingwan bay (22° 22,
114° 64’) is one of the best harbours in China. In consequence it is too crowded during a typhoon.
To the NW. of Stonecutter’s Island (22° 20" 114° §') launches find shelter. Tytam bay to the 8. of
Hongkong is an excellent harbour. Deep bay (22° 174, 114° 16") gives better shelter than Kowloon
bay (22° 184/, 114° 13’) but some vessels prefer the latter as the storm-signals can be seen from there,
A position between Taipintong and the Channel Rocks makes the best anchorage.  Mirs bay (22° 334/,
114° 27’) under Pengchau offers shelter to vessels bound for Hongkong from a northern port.
Between Mirs bay and Swatow there are no very good typhoon harbours, but shelter may be found
against NI, winds. By Namoa Island (23° 28, 116° 57') is excellent anchorage. Tongsang har-
bour (28° 47/, 117° 35") is much used, and also Amoy harbour. Makung harbour (23° 32', 119° 33')
by the Pescadores is excellent. In Pihquan harbour (27° 10, 120° 31") there is good shelter against
NE. winds to vessels under 15 feet dranght. The Haitan Straits (25° 26”, 119° 44") ave very much
_used. There are several anchorages round Chusan. In Luzon there is an anchorage at the entrance
to Manila bay, N. of Corregidor Island (14° 25', 120° 33"). On the S. coast of Mindoro we have
Garza bay (12° 19, 121° 11"). '
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§ 3—WEATHER-FORECASTS AND STORM-WARNINGS ISSUED FROM
THE HONGKONG OBSERVATORY.

WEATHER-FORECASTS AND STORM-WARNINGS.

——

METEOROLOGICAL SIGNALS.

Meteorological Signals are hoisted on the Mast beside the Time-Ball at Kowloon Point for the
information of Masters of Vessels leaving the Port.  They do not imply tnat bad weather is expected
here.

A DRUM
A BALL € Indicates « Typhoon to the West of the Colony.

A CONE g Point Upwards indicates a Typhoon to the North of the Colony.
A CONE W Puint Downwards indicates a Typhoon to the South of the Colony.

e

Indicates a Typhoon to the East of the Colony.

RED SIGNALS indicate that the Centre is believed to be more than 300 miles away from the
Colony.

BLACK SIGNALS indicate that the Centre is believed to be less than 300 miles away from the
Colony.
NigHT SIGNALS.
TWO LANTERNS Hoisted Vertically indicate bad weather in the Colony and that the wind
is expected to veer.
TWO LANTERNS Hoisted Horizontally indicate bad weather in the Colony and that the wind
is expected to back.

The Signals are repeated on the Flagstaff' of the Godown Company at Kowloon, and also, by day

only, at the Harbour Office and on H. M.’s Receiving Ship.

LocaL StorM-W ARNINGS.

The Colony itself is warned of approaching Typhoons by means of the TYPHOON-GUN placed
at the foot of the Mast, which is fired whenever a strong gale of wind is expected to blow here.

Norice Boarps.

Observations made at 10 a.an, and 4 p.m. are exhibited shortly after 10 a.m. and 4 p.m. on
Notice Boards placed at the Easiern Extension, Australasia and China Telegraph Company’s Offices,
at Peddar’s Wharf, at the Harbour Office, and at the Office of the Kowloon odown Company.

Weather-forecasts and Storm-warnings are exhibited daily about 11 a.m. and also at other hours,
day and night, whenever necessary while Typhoons are raging in the Far East.

The China Coast Meteorological Register is exhibited about Noon (Sundays and Government
Holidays excepted). .
THr LAw or StorMsS.

Further information concerning the weather to be expected while signals arc hoisted, and sailing
directions, are given in ** The Law of Storms in the Eastern Seas.” ‘

Shipmasters may obtain by telegraph the latest information s to weather at any station reporting
to this Observatory by payment for a reply of at least ten words (i.c., twelve words including the
“address). Application may also be made for similur information to be telegraphed on some future
specified day.

When the red drum is hoisted the weather is gencrally fine in Hongkong, and settled fine if the
centre moves northward, so that this signal does not by any means imply bad weather here.  Steamers
bound for northern, western or southern ports should then lose no time in starting, as they may
- expect more or less fine weather. Those bound for the Philippines should tuke precautions to avoid
the eyclone as explained above. Sailing vessels bound for western or southern ports should lose no
time In starting, but those that are bound for the north or east ought to remain in the harbour
awaiting information, as they may expect to fall in with calms or contrary breezes after starting, even
should the wind be westerly here at the time,
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More or less persistent SW winds, at times accompanied by thunderstorms, may be expected
when the red cone pointing upwards is hmsted and ships leaving the port are not likely to run any
risk from the typhoon. Sailing vessels bound for the north should start as soon as possible s0 as to
benefit by the southerly breezes to run through the Formosa Channel, and avoid the way round
Formosa. By following the latter route a sailer, morcover, runs the risk of falling in with the next
typhoon east of I*ormosa particularly during the months of August and September.

A cone pointing downwards usually implies fresh E veering to SE winds in Hongkong.  As such
a typhoon may travel N and NI, the master of a vessel desirous of avoiding bad weather should
consult the latest weather-intelligenm or remain in port till the barometer rises. Then the danger
is past.

When a ball is hoisted ships starting fur northern, eastern, or southern ports may expect breezes
from F round to S and SW. Those starting for western ports run no risk as long as the glass
continues to rise. Should it ever happen to fall : heave to and, if necessary, take refuge in a typhoon
anchorage such as Saint John’s harbour.

Mr. Frec has analysed his weather-forecasts for 1896 with the following results : —

The.results for wind direction, force, and weather are treated separately in the first instance.
The forecast wind direction is considered successful if the wind at Gap Rock blows the greater part
of the 24 hours from a direction that does not differ more than 45° from the forecast (93 ¥ were
successful). Forecast wind force: *light,” is successful if the mean force revlvtered at Grap Rock is a
light breeze, or if the wind force does not reach the force of a moderate breeze ; ; ‘““moderate,” if the
mmean is a moderate breeze, or if the wind force exceeds a light breeze and falls short of a strong
breeze; ‘‘fresh,” if the mean is a fresh breeze, or if the wind force exceeds a gentle breeze and falls
short of a moderate gale; *strong,” if the mean is a strong breeze, or if the wind force exceeds a
moderate bfeeze and falls short of a fresh gale; *“gale,” if it blows more than 40 wmiles per hour at
Gap Rock (93 % were successful).

The weather is successful when * fine” is forecast if the mean amount of clouds is below 7-tenths
of the whole sky, it sunshine or srarlluhu prevails, and when it does not rain more than one hour out
of twenty-four; when * fair, cloudv if the amount of clouds exceeds 3-tenths and it does not rain
more thnn one hour; whcn showery, if it rains. at intervals and is fair at intervals; when *“ wet,
rainy " if it rains more than 4 hours (77 Z were successful).  Counting days on which all three
elements were correvtly forecast as ‘“success,” those when two elements were justified and one failed
a8 “ partial success,” those when one element W‘ISJustlhed and two failed as * partial failure,” and
those when all elements failed as * total failure,” we have :—

Success 67 %, partial success 30 7, partial failure 2 %, total failure 1 7.

Followmrr the method used in meteorological offices and taking the sum of total and partial
success as a measure of success, and the sum of total and partial failure as a measure of failure, we

find finally that :—
97 % of the weather-forecasts were successful.

The gmount of success attached to the firing of the typhoon gun to indicate local gales has been
determined accordinz to the method adopted at meteorological offices at home. Accordluo to this
method of counting, “the storm- signal is justified if followed by a gale of force 8 and upwards within
48 hours at a place near sea- level within 50 miles of the place where the signal is hoisted. It is a
failure because “ too late” if it blows a strong gale (force 9) before the sig nal is hoisted. According
to this way of counting, a failure has to be recorded every timne the gun is ot fired during the winter
for a ** Norther,” although we did not presume to forecast those.

The typhoon gun has been fired 27 times one round, since the Obser vatory wus started on the
1st January, 1884, i.c., during the past 13 years Durmu the same period it has 30 times blown a
gale of force § and upwmds. Once in [*ebrumy (unor Lhu‘), ouce in June (typhoon), & times in July
(typhoona), 3 times in August (typhoons), 11 times in September (typhoons), 7 times in October
(typhoons ), and twice in December (DOl‘th(‘l‘b)
¢« There was 75% of success counting all the gales and all the times the gun was fired, or 839 ot
success if the “ northers” be left out of account. This compares favourably with the percentage of
success in the British Isles 58% only of which are justified by subsequent gales of force § and upwards
(mean of the 10 years 1884-93 inclusive). This leaves out of account the fact that in those isolated
instances, where the gun was not fired, warning was given by notices issued and of late years, by
lanterns hoisted.— Dunno the first muht years the gun was fired when the wind blew 37 miles per
bour on an average, while during the past four years it was fired when the wind blew only 27 miles
per bour on an average. This shows an improvement with the increase of staff’ in the Obser vatory
that took place in the meantime, and with the increase in the number of telegraphic reporting stations.
Detailed particulars concerning every typhoon that occurred during the past thirteen years and every
warning issued have been nubhshed in the “Government Gazette” and in the “Observations and

esearches issued yearly hom here.
hiaertea peadons
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Instructions for keeping the Meteorological Log.
Observations should be made every tour hours, and the latitude and longitude of the vessel
should be entered at each observation.
If convenient an observation should be made in or near Hongkong.

Observations are required between 10° South and 45° North latitude and between Singaporve and
180° E of Greenwich.

When a mercurial barometer is vead the thermomefer attachod to it is also entered.
When an anéroid is read no thermometer reading should be entered.
Force of wind is given from 0 to 12, and weather in Beaufort’s initials. -

For further particulars the ** Instructions for making Metcorological Observations prepared for
use in China”’ published in 1883 by the writer, may be consulted.

The forms are forwarded free through British Post Oifices in China if addressed on service.
They should be posted as soon as convenient after the vessel enters Honukong harbour. Vessels
bound for London from ports in the China Sea should post the forms in Singapore.

In 1896 the total number of days’ observations made on board 325 ships and forwardel to this
Ubservatory was 18,541 (counting separately those made on board different ships on the same day).

The surest of all warnings is furnished by the standard barometer on shor: and the compensated
anéroid on board ship; you are all richt if you can put your vessel on the tack that will keep your
barometer rising. But in order to understand the indications of the barometer you will have to keep
a regular meteorological register. The master of a vessel who does not look at his ané&roid till he is
in a typhoon, does not derive half the benefits from his observations that he would have enjoyed had
he watched it beforchand. He might perhaps have avoided the weather he is now experiencing, or
even have benefited by the favourable winds and sailed round the typhoon. No doubt, the time is
approaching when underwriters will stipulate that the indications of an anéroid or a marine barometer
must be regularly registered on board a vessel insured by them.

On the other hand it would not be fair to ask the mariners to keep complete meteorological
records, such as are kept in the lizhthouses out here. Some seamen have a taste for this kind of
work and make very useful and fairly accurate observations, but, for instance, the readings of dry and
damp bulb thermometers taken on many vessels are of very little use.

The tube of the marine barometer has to be so much contracted to stand the incessant pumping
and danger of breakage, that the instrument is sluggish and often reads half an inch or more too high
near the centre of a typhoon. Some cheap wooden barometers cannot be registared below a certain
height, the cistern being too small to hold the mercury that comes out of the tube and there is the
great objection to wooden mercurial barometers that the readings cannot be accurately reduced to
freezing point and the temperature correction is larger than in case of instraments made of brass.. Of
course, some cheap anéroids are no better, and even a first class compensated instrument requires to
be thoroughly verified, as the scale is never quite correct and the readings depend somewhat upon the
temperature and in a manner different for each single instrument, so that general tables for correcting
to freezing point are not available, but they act more quickly than the marine baromster, and for use
on board ship the instrument that is quickest in its indications must be preferred. The objection to
the use of the anéroid is founded on the fact that its index-correction changes gradually; but then
this can be determined and allowed for by reading it off as often as the vessel enters a port, such as
Hongkong, where correct meteorological observations are constantly being made.

The best hours for making observations are 4 a.m., 8 a.m., etc., up to midnight inclusive.

From 4 a.m. to 10 a.m. the barometer is rising, falling from 10 aan. to 4 p.m., rising from 4 p.n.
to 10 p.m., and falling from 10 p.n. to 4 aum. It reads highest at 10 aam. and lowest at 4 p.m.
The daily variation is twice as great in midwinter as it is in midsummer. During the approach of a
typhoon this regulur daily variation may be masked, but it goes on all the same and must b2 tuken into
account when the barometer begins to tull before a typhoon. Thus if it has fallen a certain amount
between 10 aan. and 4 p.m. you must subtract the normal descent between these hours in order to
know how inuch of the fall is due to the approach of the typhoon, an'l if it were between 4 p.m. and

10 p.m. that it fell, you must add the normal rise for the same purpose.
§4—ON THE DIFFERENT CLASSES OF TYPHOONS AND THE SEASONS
OF THE YEAR IN WHICH THEY APPEAR. o

In 1886 I expressed the hope that it might be possible to construct average paths of all the
different varieties of typhoons, when a couple of hundred tracks were available. This has just been
effected on the basis of 244 typhoons, registered during the past 13 years,—or on an average 19
typhoons per year. They are distributed among the different months of the year as follows : January
I, February 0, March 1, April 4 (2 per cent), May 10 (4 p.c), June 24 (10 p.c.), July 45 (19 p.c.),
August 43 (18 p.c.), September 57 (23 p.c.), October 31 (13 p.c.), November 22 (9 p.c.), December

6 (2 pc.).
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In 1884 T suggested the division of typhoons into four classes (Comp ¢ Observations and
Researches made at the Hongkong Observatory in 1884, app. M) but the final arrangement of sub-
classes could not then be effected :

Ta = originate in the China Sea (most frequently near 18° to 20° N and 113° to 116° E) north
of 15° N and enter, or at least approach the mainland to the W of Hongkong. 10 p.c. of
all the typhoons registered belong to this class. They prevail from the middle of June
till the end of September.

Ie B8 originate in the Pacific and enter the China Sea north of 15° N and enter, or at least
approach the mainland to the W of Hongkong. 12 p.c. of the typhoons belong to this
class,  They prevail from the beginning of July till the middle of October.

16 originate in the Pacific and entcr the China Sea north of 15 N, move SW and disappear
at sea.  Only one or two cases of this kind have ever been registered (late in the year).
Ie originate in the China Sea and move N, but describle vastly different paths, moving in

various directions between W, round by N, to ENE. Somctimes they recurve after
entering the mainland  They occur from June till the end of September, but they are
most common at the beginning of the typhoon season (4 p.c.).
1d originate in the China Sea, where they recurve, and sometimmes move into the Pacific
M 5l nl gy . oY . &
passing near South Formosa. They occur from May till September incl. (2 p.c.).

Typhoons of classes Ia and I¢ (26 p.c. of all typhoons) are frequently felt in Hongkong.

Crass I1.

Ile  originate in the Pacific, enter the China Sea north of 15° N, and enter China to the E of
Hongkong. There they pass (lle,) N, or (Ile,) W. They occur in July, August,
and September (2 p.c ).

I16  originate in the Pacific and move into the Formosa Chanpel. 'They occur from June to
September incl., and are most common in August and September (7 p.c.).

Iic originate in the Pacific, pass N of Formosa. and enter China. They occur from June till
September, with a distinct maximum in July (3 p.c.).

Ild  originate in a high latitude in July and August and move W-ward into China (4 p.c.).

With the exception of [fa, which sometimes cause fierce SW gales in Hongkong, typhoons of

Claes 11 are not dangerous to this Colony.

Crass I1I.
These typhoons originate and rage mainly in the Pacific.

ITla enter the coast of Luzon but recurve (usually before the centre enters the China Sea).
They prevail in October and Noverber (1} p.c.).

HIb  enter the coust of Formosa but recurve, usually in October (1 p.c.).

A1l¢  move N and enter Korea in July, August aud September (4 p.c.).

IId  recurve in the Pacific and enter Japan between June and October incl. They are most
frequent in August and September (15 p.c ).

IIle  remain in the Pacific.  They occur from May till December incl.  Their average latitude
decreases on the whole with the altitude of the midday-sun, 10 p.c. of all the typhoons
registered belong to this class, but there must be many that are not met by ships and
therefore not registered. Their prevalence may be estimated at 12} p.c.).

Crass 1V,

IVa¢ originate in the China Sea south of 15° N and move towards Hainan and Annam. The
occur from May till December incl., but are rarely encountered in August (8% p.c.). In
November they often originate in about 11° N and 116° E.

IVa B originate in the Pacific and enter the China Sea south of 15° N. They are less common
than those originating in the China Sea, as the long passage across the southern Philip-
pines tends to break them up. They occur at the beginning and end of the typhoon
season (3 p.c.).

1V, enter the China Sea after crossing the Philippines in a low latitude, and then move SW
and disappear at sea. They occur from the beginning of September till the beginning of
December, but are most common in November (4] p.c.).

IVe  recurve in the China Sea and re-enter the Pacific.  They occur at the beginning and end
of the typhoon season but mostly in May (4 p.c.).

IVd  occur in the Gulf of Siam in April and December (1 p.c.).

The accompanying plate illustrates the average paths of these different kinds of typhoons. The
average rate of progress in 24 hours is also marked, but it must be remembered that individual typhoons
move in very irregular orbits, whose vagaries have disappeared from the average paths. Also they
travel at very different rates.  Itis presumably as useful to the travelling public, and the freight-carrying
public to know where and when typhoons prevail, as to the weather-forecaster, who in default of precise
qbservations reaching him by wire, must forecast according to such paths as these.
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§ 5—WINTER TYPHOONS IN THE SOUTHERN PART OF THE CHINA SEA.

In the typhoons of the summer months,—the SW monsoon period,—swhich move towards WNW
or NW in the N part of the China Sca and enter the coast in the neighbourhood of the Gulf of Tongking,
the area over which the winds become strong with a decided fall in the barometer in front of the
centre is generally small.  This is accounted for by the low pressure prevailing over the Gulf of
Tongking and the continent beyond it. For the same reason the winds in rear are not only stronger
but also long continued, the more particularly as it seems that depressions on entering the coast
frequently become diffused over a large urea.  In the autumn months (September and October)—the NE
monsoon period,—these conditions are reversed and we find that in front vressure begins to give way
and strong winds usually blow at great distances, while in rear the aren over which winds are governed
by the depression is comparatively small. ~ Moreover, at this period the depression fills up rapidly on
entering the mainland, which is then dry. In consequence a vessel in {ront of a typhoon, moving as
stated, will usually get much shorter notice of the advance of a typhoon from the barometer in summer
than in autumn, and while in suwmnmer the bad weather lasts a long time in rear, in autumn it improves
rapidly when the centre is past and a strong N K monsoon sets in.  For instance, N gales frequently
blow late in the season off the Annam and Cochin China coasts with a typhoon centre a long distance
off on the I side of the China Sea. '

Typhoons of classes IVa, IVb or 14 occur especially late in the year in an unusually low
latitude over the China Sea, during the Leight of the N monsoon which blows much stronger in these
seas than the SW monsoon.  Taking as an example of such, the typhoons of the 15th November, 1891,
of the 20th November, 1891, and of the 13th November, 1895, it is seen that there is very little W,
SW or S wind except within perhaps at most 50 miles of the contre.  Anl to the S or SSW of the
centre, where SW gales might be expected their place is taken by dead culins or light variable winds.
No strouger argument could be adduced to show that the winds round a typhoon-centre are composed
of the cyclonic winds on one hand and the prevailing wind on the other. In these cases where the
cyclonic SW gales are combined with the NE monsoon gales, calms are the result. Unfortunately, [
have not succeeded in drawing the isobars, as the anéroid observations on board ship are too rough to
be of much assistance for this purpose, and the currents are strong, but the isobars might be inferred
from the wind-directions laid down on the maps.

When all the wind forces round the centre of a typhoon are resolved into N und E components,
positive or negative as the case may be, and the resultant direction and velocity are computed and
compared with the direction of motion and velocity of the centre, it is found that the latter moves from
a greater azimuth (counting from N) than the wind. This might be expected as it then agrees with
the wind at a greater altitude. These November typhoons move from u direction from 2 to 7 points
different from the resultant wind. As the NE monsoon is shallow, this probably agrees with the
direction of the wind at an altitude of about half a mile, but the speed is only a fraction of the resultant
wind velocity.
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