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Editorial
 

This issue of the BULLETIN contains two papers on widely. different subjects. One is 
concerned with tropical cyclones while the other deals with air flow over ridges. 

The first paper by Bill Kyle of the The University of Hong Kong continues the annual review of 
tropical cyclone activity in the western North Pacific Ocean which began in BULLETIN VOL 3, 
NUMBER 1. As in previous issues, the paper documents all storms occurring in the region 
providing information about tracks, changing weather conditions and resulting impacts on the 
areas affected for the 1995 season. Special emphasis is placed on those storms affecting Hong 
Kong with more detailed information and track maps being provided. This year for the first 
time an Appendix also provides track coordinates at 6-hourly intervals for each storm. The 
data were obtained from the U.S. Navy Joint Typhoon Warning Center, Guam via the Internet 
from their site at http://www.npmocw.navy.mil/npmocw/prods/jtwc.html. 

In the second paper, P.W. Chan and eM. Tam of the Royal Observatory, Hong Kong report 
on the identification of both a Foehn effect and trapped lee waves over Lantau Island, Hong 
Kong using meteorological observations made simultaneously on both sides of the island. Three 
typical cases are presented each showing a characteristic increase of air temperature and drop in 
relative humidity associated with the phenomenon on the lee side of the mountains. It was also 
found that the calculated wavelength of the trapped lee waves were similar to the half-width of 
the ridge. 

The remainder of the issue contains the regular features News and Announcements and Hong 
Kong Weather Reviews. Due to lack of space in this issue of the BULLETIN the latest issue of 
The United Nations Climate Change Bulletin has not been included. However, those readers 
who wish to obtain information of a general nature concerning matters related to the subject of 
climate change can download the latest issue of this document from http://www.unep.ch/iucc/. 

The Editorial Board hopes that you continue to find the BULLETIN attractive, readable and 
useful and, as always, look forward to receiving any opinions, suggestions or contributions sent 
in by readers. 

Bill Kyle, Editor-in-Chief 
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Bill Kyle 

Department of Geography 8( Geology, The University of Hong Kong; 
Poktulsm Road, Hong Kong (email: billkyle@hkusua.hku.hk) 

199S Tropical Cyclone SUI1!!!'~ry
 

For the Western North Pacific
 
Ocean (west of 180 degrees)
 

Information employed in the compiudon of this section is derived from warnings and other published materials issued. 
by: U.S. National Hurricane Center, Miami; U.S. Central Pacific Hurricane Center, Hswsli. U.S. Naval Western 
Oceanography Center, Hawaii; U.S. Joint Typhoon Warning Center, Guam; Japanese Meteorological Agency, 
Tokyo; Philippine MeteorologicalService, Manila; and Royal Observatory, Hong Kong. 

The symbols *, *", """, """", sna r :»>> next to a storm show the highest Tropical Cyclone Signal (#1, #], #8, 
#9, and #10 respectively) to be hoisted in Hong Kong. Track maps, courtesy of the Royal Observatory, are 
provided for these storms. 

Keywords: Tropical Cyclone, Tropical Depression, Tropical Storm, Hurricane, Typhoon 

Tropical Depression (9501) 

Tropical Depression 0 IW formed in the north Pacific Ocean about 1,500 km southeast of 
Wake Island, near 9° N 175° E, on 8 January from a disturbance that had moved across 
the International Dateline. Moving west-northwest at about 25 km hi, the system dissipated 
later the same day near 100 N 173° E, about 350 km of Majuro in the Marshall Islands. 
Maximum sustained winds were estimated at 55 km hi. 

Tropical Storm Chuck (9502) 

Tropical Depression 02W formed near 5° N 166° E, some 1,600 km east of Chuuk in the 
Caroline Islands, on 28 April. Initially moving north, the system turned west-northwest the 
next day as it reached tropical storm intensity. The NOAA research ship Discoverer reponed 
45 km h-I sustained winds as Chuck was first developing. The storm drifted west on 30 April, 
and attained its peak intensity of 65 km h-I. Chuck weakened to a depression on 1 May while 
continuing to drift west. Then it turned west-northwest on 2 May and continued on this course 
until it dissipated near 12° N 154° E, about 550 krn north-northeast of Chuuk, on 4 May. 
Although the storm formed in the Marshall Islands and passed through the Caroline Islands, 
there are no reports of significant weather, damage, or casualties from any localities in 
Micronesia. 
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Tropical Depression 

A tropical depression formed over the South China Sea about 300 km southeast of Hong Kong, 
near 20° N 116° E, on 13 May. The Japanese Meteorological Agency issued warnings on this 
system but it was not classified as a tropical depression by the U.S. joint Typhoon Warning 
Center in Guam. The depression followed an east-northeast track between the Philippines and 
Taiwan on 14 May, and continued this track until it became extratropical near 32° N 135° E, 
about 580 km southwest of Tokyo on 15 May. Maximum sustained winds were estimated at 
55 kill hi. Satellite images and information from the U.S. Joint Typhoon Warning Center 
suggest that this system may not have been fully tropical. 

Tropical Storm Deanna/Auring (9503) 

Tropical Depression 03W formed near 11° N 128° E, over the coastal waters of the Philippines 
about 860 krn east-southeast of Manila, on 1 June. Initially moving west-northwest at 
25 km h I, the system moved through the central Philippine Islands and into the South China 
Sea on 2 June where it turned north-west and reached tropical storm strength later that day. 
Deanna (named Auring by the Philippine Meteorological Service) continued northwest and 
reached a peak intensity of 85 km h-I on 3 June. The storm turned on 4 June, moving north 
through the South China Sea with 85 km 1,.1 winds. The system moved slowly north on 5 June, 
then stalled near 19N 119E the next day. Ship PENZ reported 63km h-I winds and a pressure 
of 100.35 kPa at 1800 UTC 5 June. Deanna/Auring turned north-northeast on 7 June, and 
weakened to a depression before crossing Taiwan on 8 June. The cyclone became extratropical 
the next day near 28° N 128° E, about 190 km north-northeast of Okinawa. Although 
Deanna/Auring passed through the Philippines while developing and also crossed Taiwan, there 
are no reports of casualties. However, there was widespread flooding in Taiwan brought by 
Deanna and its dissipating remnant. Damage to agricultural produce has been estimated at over 
NT$ 410 million (about US$ 14.7 million). 

Tropical Storm Eli (9504) 

Tropical Depression 04W formed on 4 June within 60 km of Guam near 13° N 145° E. 
Agana on Guam reported a peak gust of 80 krn h-I at 0632 UTC 4 June. Initially moving 
west with 55 krn h I winds, the depression turned north-northwest the next day. It then 
turned north on 6 June, and this motion continued on 7 June as it reached tropical storm 
strength. Eli's intensity peaked at 65 km h-I, and it weakened to a depression on 8 June 
while in the process of recurving to the northeast. Tile cyclone dissipated on 9 June near 
25 0 N 139° E, about 240 km west of Iwo Jima. Although Eli affected Guam as it was first 
developing there are no reports of damage or casualties. 

Typhoon Faye (9505) 

Tropical Depression 05W formed 330 krn west-northwest of Guam, near 15° N 142° E, on 16 
July. The system initially moved west-northwest with 55 km h' winds. This track direction 
continued on 17 July as it reached tropical storm strength. Faye turned west-northwest on 18 
July, and continued moving in that direction the next day as it intensified progressively and 
reached typhoon strength. Typhoon Faye turned northwest on 20 July and then north
northwest on 2 1 July, passing through the Ryukyu Islands into the East China Sea on the latter 
date. Kumejima in the Ryukyus reported a gust to 120 km h' and a pressure of 98.6 kPa at 
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2200 UTC 21 July and Ship lCAl7 reported 120 km h- 1 winds at 1200 UTC the same day. 
The system recurved north-northeast on 22 July as it reached a peak intensity of 175 km n'. 
Figure 1 shows Faye at 0129 UTC that morning when it was in the East China Sea to the west 
of Okinawa. The western part of the eye passed over Japanese buoy 2200 I, which reported 
a minimum pressure of 95.79 kPa at 0600 UTC 22 July and 66 km h' sustained winds two 
hours later. The storm then moved north into the southeastern Korean peninsula on 23 July 
with winds near 165 km h'. Fukue, Japan, reported a 141 km h' gust and a pressure of 
98.8 kPa at 0000 UTC 23 July while Yosu, South Korea, reported 110 km h' sustained 
winds and a 97.67 kPa pressure at 0600 UTC 23 July as Faye passed to the east. 
Sanchon, South Korea, reported a minimum pressure of 97.7 kPa at 0856 UTC the same day 
as Faye passed just to the west. Maximum winds were 74 km h' with gusts to 199 km h- I at 
0735 UTC that day. Faye then moved north-northeast into the Sea of Japan, with 120 km h' 
winds. There it continued to further lose strength and soon became extratroplcal, Press reports 
indicate that Faye may have been the strongest typhoon to strike South Korea in almost 40 
years. Some 22 people are known to be dead with 27 others reported missing. An oil tanker 
ran aground near the southern port city of Yosu. In addition, a freighter was reported to have 
sank off the coast of southwest Japan on 23 July while Faye was in the area with three persons 
killed and two missing. It is likely but-not certain this was due to Faye. There are no reports of 
damage or casualties from Japan. 

Tropical Depression (9506) 

Tropical Depression 06W formed near 1]0 N 131 0 E, 1,100 km east-northeast of Manila, on 
25 July. The system initially moved west and continued this motion through 26 July. The 
depression turned northwest on 27 July and north on 28 July just as it was east of Luzon in the 
Philippines. It dissipated on 29 July as it was absorbed into the developing circulation of 
Tropical Storm Gary west of Luzon. 

*Tropical Storm Gary (9507) 

Tropical Depression 07W formed near 160 N 122 0 E, about 400 km north-northeast of Manila 
on 28 July. The system drifted erratically west-northwest over Luzon through 29 July, when it _ 
absorbed the remnants of Tropical Depression 9506 and reached tropical storm strength in the 
South China Sea northwest of Luzon. Gary affected Luzon as it was forming and generated 
torrential rain which triggered off flash floods on the island. Mudflows from Mount Pinatubo 
were also reported to have caused extensive damage to houses and dykes. In Hong Kong the 
Tropical Cyclone Standby Signal Number 1 was hoisted at 1545 HKT (0745 UTC) 28 July 
when Gary entered the South China Sea about 780 km to the southwest of the territory and 
moved northwestwards at 20 km h'. This was the first hoisting of a Tropical Cyclone Warning 
Signal in Hong Kong in 1995. Apart from some showers the weather in the territory was 
mainly fine with light to moderate northeasterly winds as Gary slowed down to the southeast of 
Dongsha. Gary turned north on 30 July and intensified further as it passed over Dongsha and 
approached the Chinese coast from the south with 100 km h' winds. Ship lCAK3 reported 
115 km h' sustained winds at 0000 UTC 30 July. Ship 3EET9 reported 100 km h' sustained 
winds and a pressure of 99.14 kPa at 0600 UTC the same day. Winds in Hong Kong gradually 
turned northerly as Gary began to accelerate toward the coast. The storm was closest to the 
territory at around 2300 UTC 30 July (0700 HKT 31 July) when it was about 290 km to 
the east. Lowest sea-level pressure of 99.67 kPa was recorded at the Royal Observatory some 
3 hours earlier. Figure 2 shows Gary approaching the south China coast at about 0000 UTC 
on 31 July. Gary reached a peak intensity of 110 km n' a few hours later just as it was making 
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Figure 1 DMSP F12 OLS-VIS Image of Typhoon Faye (9504) acquired at 0129 UTC on 22 
July, 1995 as [he storm traversed [he East China Sea to [he west of Okinawa. 

Figure 2	 GMS-5 Visible Image of Tropical Storm Gary (9507) acquired at around 0000 UTC 
on 31 July, 1995 as [he storm approached [he south China coast. 
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Figure 3 Track Map of Tropical Storm Gary (9507), 28 July· 1 August, 1995 
(after Royal Observatory, Hong KonltJ. 
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landfall near Shantou, China. The storm then weakened rapidly to a low pressure area over 
land. Shantou reported a minimum pressure of 98.48 kPa at 0300 UTC 31 July, although 
maximum reported winds were below tropical storm force. In Hong Kong the Number 1 Signal 
was lowered at 0630 UTC (1430 HKT) 31 July after Gary made landfall. No damage was 
reported in the territory as a result of the passage of Gary although the outer rainbands brought 
squally thunderstorms in the evening of 31 July. However, Gary claimed four lives in Shantou, 
some 319,000 people were reported to be affected, and 3,000 houses damaged. Total 
economic losses were estimated at RMB 200 million (about US$ 24.2 million). The circulation 
of Gary also affected Taiwan where four fishing vessels were sank, with two people dead and 19 
reported missing. Figure 3 shows the track of the Tropical Storm Gary. 

* * *Tropical Storm Helen (9508) 

Tropical Depression 08W formed near 160 N 133 0 E, about 1,300 km east-northeast of 
Manila, on 7 August. The system initially followed a west to west-northwest track through 9 
August, passing just north of Luzon in the Philippines. The depression reached tropical storm 
strength on 9 August as it passed through the Balintang Channel following a westerly track. In 
Hong Kong the Tropical Cyclone Standby Signal Number 1 was hoisted at 0800 UTC 
(1600 HKT) that day as the system entered the South China Sea. Apart from a few showers, 
the weather was fine at the time. As it moved further away from the influence of Luzon Helen 
took on a more west-southwesterly track until about 0600 UTC 10 August when it slowed 
down and turned on to a northwest track as it passed to the south of Dongsha. Helen turned 
north on 11 August and continued to intensify as it came closer to the south China coast. With 
the continuing approach of Helen the Strong Wind Signal Number 3 was hoisted in Hong Kong 

HKHetS Bulletin Vol. 6, No.2, /996 

I 

7 



8 

Figure 4 GMS-5 Visible Image of Tropical Storm Helen (9508) acquired at around 0300 UTe 
on I 2 August, I 995 as it was making landfall near Hong Kong. 

Figure 5 Track Map of Tropical Storm Helen (9508), 7 - 12 August, 1995 
(after Royal Observatory, Hong Kong) 
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for the first time in 1995 at 2145 UTC 10 August (0545 HKT 11 August) as northeasterly 
winds started to strengthen and showers became more frequent. Ship GOYF reported a 98.69 
kPa pressure at 0600 UTC 11 August, with 76 km h-I sustained winds 6 hr later. As Helen 
continued to come closer to the territory winds became stronger and squally showers affected 
Hong Kong. The prospect of gale force winds necessitated the hoisting that evening, for the 
first time in 1995, of the Tropical Cyclone Gale or Storm Signal Number 8 NE at 2230 HKT 
(1430 UTC). At that time Helen was about 140 km to the southeast. As Helen passed to the 
east of Hong Kong the Number 8 N E Signal was replaced by the Number 8 NW Signal at 
0430 HKT 12 August (2030 UTC 11 August) and subsequently by the Number 8 SW Signal 
at 0945 HKT (0145 UTC) 12 August. Ship KGJD reported 80 km h' sustained winds at 
2100 UTC 11 August. - Helenwas closest to Hong Kong around 0700 HKT 12 August 
(2300 UTC 11 August) when it was about 50 km to the east. Minimum sea-level pressure of 
99.3 kPa along with 96 km h-I gusts was recorded at that time at the Royal Observatory. 
Maximum sustained winds of 55 km h-I were recorded 2 hours later at 0100 UTC 12 August. 
The storm reached a peak intensity of 110 km h' just prior to landfall. Helen continued 
north into China making landfall about 60 km northeast of Hong Kong and dissipating over 
land later on 12 August. Figure 4 shows Helen at around 0300 UTC 12 August as it was 
making landfall. Shanwei in China reported 57 km h' sustained winds and 99.9 kPa 
pressure at 0000 UTC 12 August. As local winds gradually subsided the Number 8 SW Signal 
was replaced by the Strong Wind Signal Number 3 at 0615 UTC (1415 HKT) 12 August. 
All signals were lowered at 1130 L1TC (1 730 HKT) as Helen continued to move further away 
from Hong Kong and weaken over land. Press reports indicate that flooding associated with 
Helen killed 23 people in China. In Hong Kong the high winds brought down trees and 
scaffolding in many places and 31 people were reported injured. Helen and the dissipating 
remnant over China also brought heavy rain to the territory causing widespread flooding and 
several landslips as well as seriously disrupting land, sea and air transport. In the most serious 
incidents three people lost their lives in landslips at Chai Wan and Aberdeen. The map showing 
the track of Helen is presented in Figure 5. 

*Tropical Storm Irving (9509) 

Tropical Depression 09W formed in the South China Sea near 16° NIl 3° E, 110 km 
southeast of Xisha on 17 August. Initially moving north at 10 km h', the system turned north
northwest the next day as it reached tropical storm strength. In Hong Kong the Tropical 
Cyclone Stand By Signal Number 1 was hoisted at 0430 UTC (1230 HKT) 18 August when 
Irving was about 520 km to the south-southwest. Irving came closest to Hong Kong at around 
0300 UTC (1100 HKT) 19 August when it was about 380 km to the southwest. However, 
about that time Irving turned west-northwest taking it away from Hong Kong. Lowest hourly 
sea-level pressure of 100.74 kPa was recorded at the Royal Observatory at 1100 UTC 
(1700 HKT) that day. As the storm continued to move away from the territory the Number 
1 Signal was lowered at 1545 UTC (2345 HKT) 19 August. As Irving's circulation was rather 
compact the local weather remained fine during its passage with only moderate east to 
southeasterly winds. No damage was reported in the territory. Irving continued to move on a 
northwest track and passed close to the northeast of Hainan Island late on 19 August as it 
reached a peak intensity of 110 krn h-I. The cyclone made landfall over the Leizhou 
Peninsula the next morning and continued into northern Vietnam where it rapidly lost strength 
and dissipated over land the next day. There are no reports of damage or casualties from either 
China or Vietnam. Figure 6 shows the track map for Tropical Storm Irving. 
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Figure 6 Track Map of Tropical Storm Irving (9509), 17 - 20 August, 1995 
(after Royal Observatory, Hong KontJ 
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Tropical Storm Janis (9510) 

Tropical Depression lOW formed near 200 N 131 0 E, 780 km south-southeast of Okinawa, on 
21 August. The system drifted west as it reached tropical storm strength later that day. Janis 
moved west-northwest on 22 August, then turned northwest on 23 August. Naha and Kadena 
Air Force Base on Okinawa reported 65 km h-I gusts at 0330 and 0406 UTC 23 August, 
respectively. The storm turned north-northwest on 24 August, and this motion continued until 
it made landfall on the east coast of China about 90 km east-northeast of Wenzhou on 25 
August. Janis reached a peak intensity of 100 km h-tJust prior to landfall. Dachen Island 
reported 72 km h- I sustained winds and a 99.49 kPa pressure at 1800 UTC 24 August. In 
Zhejiang Janis brought heavy rain but no significant damage was reported. The cyclone turned 
north-northeast later on 25 August and northeast on 26 August as it moved across the East 
China Sea. It became extratropical near 38 0 N 128 0 E (just before crossing the Korean 
Peninsula) late on 26 August. Although there are no damage or casualty reports from Japan, 
extratropical Janis and the frontal system it merged with produced heavy rains over the Korean 
Peninsula. Press reports indicate 41 people were killed in South Korea. Janis also caused 
flooding in North Korea, but no casualty figures are available. 

Tropical Depression (9511) 

Tropical Depression 11W formed near 25 0 N 125 0 E, 350 km southwest of Okinawa, on 22 
August. The system moved slowly southwest before it was absorbed into Tropical Storm Janis 
on 23 August. Maximum sustained winds in this short-lived system were estimated at 45-55 
km hi. 
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* * * Super Typhoon Kent/Gening (9512) 

A tropical depression formed over the Philippine Sea about 1,000 km east-southeast of Manila, 
near 13° N 130° E on 25 August. Initially the system remained stationary but started a west
northwest motion the next day when the U.S. Joint Typhoon Warning Center on Guam 
designated it Tropical Depression 12W. It reached tropical storm strength later on 26 August 
and continued to intensify progressively. KentiGening (The Philippine Meteorological Service 
named the system Gening) turned northwest with 120 km h-I winds on 27 August as it reached 
typhoon strength. The only available surface observation during this time was from ship VMBD 
which reported 87 km h-1 winds at 1800 UTC 26 August, with a minimum pressure of 99.66 
kPa three hours earlier. The typhoon continued a general northwest motion through 30 August, 
at which time it reached a peak intensity of 240 km h'. Figure 7 shows the storm at 0042 
UTC 29 August when the storm was due east of northern Luzon and close to its maximum 
strength. Kent/Gening brought heavy rain to the northern Philippines, causing flash floods and 
triggering mudflows from the Mount Pinatubo ash deposits burying several villages nearby. Five 
people were reported killed in these incidents. Because the storm had such a large circulation it 
also affected southern Taiwan as it passed through the Luzon Strait. One person was reported 
dead and another missing. Kent/Gening entered the South China Sea around 0600 UTC 30 
August. Moving at a speed in excess of 20 km h' towards the central part of the coast of 
Guangdong and packing maximum sustained winds of 140 km h' the storm posed a serious 
threat to Hong Kong. Consequently the Tropical Cyclone Stand By Signal Number 1 was 
hoisted at 1200 HKT (0400 UTC) 30 August and the public advised that higher signals were 
likely as the storm approached. The Strong Wind Signal Number 3 was hoisted at 0400 HKT 
31 August (2000 UTC 30 August) as KentiGening was northeast of Dongsha and moving 
steadily closer to the territory on a generally northwesterly track. That morning the weather in 
the territory was mainly fine with light winds from the northwest. However, with KentiGening 
coming ever closer with little change in speed or intensity the onset of gales was expected by 
late afternoon of that day. The Gale or Storm Signal Number 8 NW was hoisted at 1300 HKT 
(0500 UTC) 31 August when KentlGening was about 130 km to the east-northeast and winds 
strengthened as the rainbands of the typhoon began to affect the territory. Shortly after 1600 
HKT (0800 UTC) winds began to turn southwesterly and gales affected many parts of Hong 
Kong. Kent/Gening made landfall over southern China at an estimated intensity of 195 km h-I 

at about this time. Shanwei, China, reported a minimum pressure of 96.67 kPa and 69 km h' 
winds at 0600 UTC 31 August. In Hong Kong sustained wind speeds around 75 km h-I were 
recorded at Lau Fau Shan and gusts to around 80 km h-I were recorded at Star Ferry. The 
lowest sea-level pressure of 99.13 kPa was recorded at the Royal Observatory at 1600 HKT 
(0800 UTC). As the wind direction changed the Number 8 NW Signal was replaced with the 
Number 8 SW Signal at 1645 HKT (0845 UTC) 31 August. The storm came closest to the 
territory around 1700 HKT (0900 UTC) when it was about 80 km to the northeast. 
Kent/Gening weakened rapidly after making landfall dissipated over land the next day. The 
Number 8 SW Signal was replaced by the Strong Wind Signal Number 3 at 2100 HKT (1300 
UTC) 3 1 August and as winds subsided further in Hong Kong all signals were lowered at 001 5 
HKT 1 September (1615 UTC 31 August). The strong winds and heavy downpours brought 
by Kent/Gening uprooted trees and caused flooding and landslips in many places in Hong Kong. 
The most serious flooding was reported in Tuen Mun and Sheung Shui in the New Territories 
and Mid-levels on Hong Kong Island. A total of 5 people were injured in road accidents related 
to the storm's passage and sea and air transport services were disrupted. In Guangdong 
Kent/Gening damaged more than 40,000 houses, inundated 280,000 ha of farmland and 
killed at least 50 people. Total economic losses were put at about RMB 3.2 billion (about US$ 
390 million). Figure 8 shows the track of Super Typhoon Kent/Gening. 
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Figure 7 DMSP F12 OLS·VIS Image of SuperTyphoon Kent/Gening (9512) acquired at 
0042 UTe on 29 August, 1995 when the storm was due east of northern Luzon. 

Figure 8 Track Map of Super Typhoon Kent/Gening (9512), 25 August - 1 September, 1995 
(after Royal Observstory; Hong Kong) 
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*Tropical Storm Lois (9513) 

A disturbed area Over the South China Sea developed into a tropical depression near 180 N 
1160 E, about 450 km east-northeast of Xisha, on 23 August. The cyclone drifted erratically 
in the same general area for a couple of days but then assumed a west-northwest track on 26 
August when it was designated 13W by the U.S. Joint Typhoon Warning Center on Guam. 
The depression reached tropical storm strength later that day as it moved generally westwards at 
about 16 km hoi. Ship VRUI9 reported 69 km hoi winds and a pressure of 99.79 kPa at 1800 
UTC 26 August. On 27 August Lois turned to more of a west-northwest track toward Hainan 
Island packing 110 km h' winds and continuing to intensify. Xisha reported 65 km h' winds 
and a pressure of 98.82 kPa at 0000 UTC 27 August. As Lois intensified, the Tropical 
Cyclone Stand By Signal Number 1 was hoisted in Hong Kong at 1315 HKT (0515 UTC) 27 
August. Although Lois was never closer than about 500 km from the territory the storm had 
an extensive circulation. This brought fresh gusty winds and occasional squally showers but no 
significant damage. Lois was closest to Hong Kong around 1700 HKT (0900 UTC) 27 August 
when it was about 500 km to the southwest. The lowest sea-level pressure of 100.26 kPa was 
recorded at the Royal Observatory at both 1600 and 1700 HKT that day. Lois continued 
west-northwest making landfall over southern Hainan Island around 0300 UTC on 28 August 
as it reached typhoon strength. In Hong Kong the Number 1 signal was lowered shortly 
afterwards at 0935 HKT (0335 UTC) 28 August. Yaxian, China, reported a minimum 
pressure of 98. 19 kPa at 0600 UTC 28 August, with Dongfang, China, reporting a 98.29 kPa 
pressure six hours later. Lois caused havoc on Hainan with 17 people reported killed and 
many others injured. Many fishing vessels were capsized by the strong winds. Leaving Hainan 
Lois turned west and moved across Beibu Wan and made landfall again in northern Vietnam 
around 1500 UTC on 29 August. Figure 9 shows Lois over Beibu Wan at 1337 UTC 29 
August shortly before landfall over northern Vietnam. The system dissipated over Laos the 
next day. Bach Longvi, Vietnam, reported a 98.99 kPa pressure at 1800 UTC 29 August. 
Maximum reported winds were below tropical storm strength. There are no reports of damage 
or casualties from Vietnam. The track map of Tropical Storm Lois is provided in Figure 10. 

Typhoon Mark (9514) 

Tropical Depression 14W formed near 290 N 152 0 E about 1,800 km northwest of Wake 
Island, on 30 August. Initially moving northwest, the system turned north-northeast later that 
day as it reached tropical storm strength. Mark turned northeast on 31 August as it reached 
typhoon strength, and it accelerated along that track the next day as it reached a peak intensity 
of 155 km hi. Figure 1I, acquired at 0001 UTC 2 September, shows Typhoon Mark at this 
stage in its lifetime. Mark became extratropical on 2 September near 41 0 N 17]0 E, about 
3,300 km east-northeast of Tokyo. During its lifetime Mark remained over open water and 
there are no reports of any damage anywhere along its track. 

*Tropical Storm Nina/Helming (9515) 

Tropical Depression 15W formed over the Philippine Sea about 820 km east-southeast of 
Manila, near 12 0 N 1280 E, on 2 September. This system tracked west-northwest reaching 
tropical storm strength on 3 September as it moved into central Luzon in the Philippines 
with 65 km hi winds. Helming was the name assigned to the system by the Philippine 
Meteorological Service. Five people were reported killed as their boat capsized as 
Nina/Helming made landfall that evening. Press reports indicate that Nina/Helming caused 
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Figure 9 DMSP F12 OLS-IR Image of Tropical Storm Lois (9513) acquired at 1337 UTe on 
29 August, 1995 just prior to landfall over northern Vietnam. 
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Figure 10 Track Map of Tropical Storm Lois (9513), 26 - 30 August, 1995 
(after Royal Observstory, Hong Kong) 
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Figure 11 DMSP F12 OLS-VIS Image of Typhoon Mark (9514) acquired at 0001 UTe on 
1 September, 1995 when the storm was near 33.3N 158.8E. 
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extensive flooding in the central Philippines, with mudflows from the Mount Pinatubo ash 
deposits damaging nearby villages and burying some 700 houses although there are no reports 
of casualties. The storm entered the South China Sea on 4 September and continued to track 
west that day and most of the next. Late on 5 September Nina/Helming turned to a more 
northwesterly track and began to intensify. In Hong Kong the Tropical Cyclone Stand By 
Signal Number 1 was hoisted at 0945 HKT (0145 UTC) 6 September when the storm was 
almost due south of the territory. Shortly afterwards Xisha reported 65 km h' sustained winds 
at 0300 UTC 6 September. Nina/Helming reached a peak intensity of 85 km h' later on 6 
September as it approached the northeast of Hainan Island. Haikou, China, reported a 
minimum pressure of 99.69 kPa at 2100 UTC 6 September at the same time that 
Nina/Helming was closest to Hong Kong (around 0500 HKT on 7 September) when it was 
about 380 km to the southwest. Minimum sea-level pressure of 100.34 kPa was recorded at 
the Royal Observatory at this time and the hour before and after. Local winds were never 
strong and with the rainbands confined mainly to the south of the storm only a few squally 
showers affected the territory. Nina/Helming made landfall over the Leizhou Peninsula near 
Zhanjiang around 0200 UTC 7 September and moved northwest into south China, dissipating 
over land later that day. The Number 1 Signal was lowered in Hong Kong at 1015 HKT 
(0215 UTC) the same day as the storm made landfall. There are no reports of significant 
damage or casualties from China. The map showing the track of Tropical Storm Nina/Helming 
is provided as Figure 12. 

Tropical Depression (9516) 

Tropical Depression 16W formed near 130 N 112 0 E, 400 km south of Xisha, on 9 
September. This system moved slowly west-northwest through the next day, approaching the 
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Figure 12 Track Map of Tropical Storm Nlna/Helmlng (9515), 2 - 7 September, 1995 
(after Royal Observatory, Hong Kong) 

120'E 

->: 
'~ '\ , -

110'E 120'E 

V' 
o 

coast of Vietnam at its peak intensity of 45 km h-I. The depression moved onshore and 
dissipated on 11 September. There are no reports of damage, casualties, or significant weather. 
The remains of this system tracked across southeast Asia and moved into the Bay of Bengal 
and gained tropical depression status as TC-O1B near 10° N 90° E on 16 September. That 
system reached a peak intensity of 85 km h-I before moving inland over eastern India later that 
day. TC-O1B dissipated over land on 17 September. Balasore, India, reported a minimum 
pressure of 99.38 kPa at 2100 UTC 16 September as the centre of the storm passed just to 
the north. There are no reports of damage or casualties. 

Super Typhoon Oscar (951 7) 

Tropical Depression 17W formed over the Pacific Ocean 400 km east-northeast of Guam, near 
15° N 148° E, on 11 September. Initially moving west-northwest, the cyclone turned 
northwest the next day as it reached tropical storm strength. Oscar continued northwest 
through 14 September after reaching typhoon strength the previous day. The automated 
station on Pagan in the Marianas reported a minimum pressure of 99.45 kPa at 0200 UTC 
13 September, with a peak gust of 85 km h- I three hours later. Although Oscar affected the 
northern Mariana Islands there are no reports of damage or casualties. The storm then turned 
north-northwest on 15 September and became a super typhoon attaining a peak intensity of 
260 km hoi. Figure 13 shows Super Typhoon Oscar at 0038 UTC 15 September near the 
beginning of this intensification phase. Oscar turned north-northeast on 16 September 
maintaining its intensity, then it accelerated northeast on 17 September and began to weaken 
in intensity. The typhoon moved along the Japanese coast just east of Tokyo around 0000 
UTC 17 September and began accelerating in a northeast direction with 150 km h-I winds. 
Hachijojima reported a minimum pressure of 93.76 kPa at 0000 UTC 17 September. 
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iFigure 13 DMSP F12 OLS-VIS Image of Super Typhoon Oscar (951 7) acquired at 0038 UTe f

on 15 September, 1995. 

Maximum reported winds were 98 km h-I with gusts to 163 km h-I an hour later. Miyakejima 
reported 122 km h I sustained winds with gusts to 178 km h I at 0100 UTe 17 
September. The storm became extra-tropical near 45° N 155° E, I, I 50 km east-northeast of 
Sapporo, Japan on 18 September. Press reports indicate that Oscar caused 9 deaths in Japan 
and injured at least another 13 people. Six others were reported missing and about 600 
houses were damaged by high winds and flood water. No figures for monetary losses are 
available. 

~". 

Typhoon Polly (9518) 

IiTropical Depression 18W formed in the Philippine Sea near 18° N 124° E, about 400 km east
northeast of Manila, on 14 September. The system reached tropical storm strength later that 

1:: 

day as it drifted erratically. Polly assumed an east-northeast track on I 5 September, and this 
continued through the next day. The storm turned north-northeast on 17 September and 
continued on this track with 100 km h-I winds. Ship JMLQ reported 85 krn hi winds at 0000 
UTe 16 September, while ship VNVG reported 78 km h-I winds at 1200 UTe the same day. 
The cyclone turned north on 18 September as it reached typhoon strength. It reached a peak 
intensity of 165 km hi later that day. Ship VNVG reported 89 km h-I sustained winds at 
0600 UTe on 18 September. Polly turned northeast on 19 September and is shown in Figure 
14 acquired at 2339 UTe that day. The storm accelerated in the same direction the following 
day and became extratroplcal near 39° N 160° E, some 1,800 km east-northeast of Tokyo, on 
21 September. Polly affected the northern Volcano Islands. Iwo lima reported a peak gust of 
96 km hoi at 0424 UTe 19 September, with Chlchlllrna reporting a minimum pressure of 
98.78 kPa at 1800 UTe the same day. There are no reports of damage or casualties arising 
from the passage of Typhoon Polly. 
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Figure 14 DMSP F12 OLS-VIS Image of Typhoon Polly (9518) acquired at 2339 UTe on 
19 September, 1995. 

* Super Typhoon Ryan (9519) 

Tropical Depression 19W formed over the South China Sea near 15° N 116° E, around 450 
km east-southeast of Xisha, on 15 September. The cyclone drifted slowly west the next day as 
it reached tropical storm strength. Ryan became nearly stationary near 14° NIl 4° E and 
drifted in a tight loop through the South China Sea on 17 September with 85 km h-I winds. 
Ship DFNA reported 83 km h-I winds at 1800 UTC on that day. Ryan took on a westerly 
course again early on I8 September but turned north later that day as it moved towards Xisha 
and intensified to typhoon strength. As a consequence the Tropical Cyclone Stand By Signal 
Number 1 was hoisted in Hong Kong at 1015 HKT (0215 UTC) 19 September. Xisha 
reported a minimum pressure of 96.98 kPa at 1800 UTC 19 September as Ryan passed very 
close by. Maximum sustained winds of 65 km h-I were reported six hours earlier. Ryan·· 
turned abruptly to the east-northeast in the general direction of the Luzon Strait on 20 
September and continued to intensify the next day briefly reaching super typhoon strength 
around 1600 UTe. Figure 15 shows Ryan early on 21 September approaching the Luzon 
Strait. A peak intensity of 240 km h' was attained late that day just prior to the storm's 
passage of the southern tip of Taiwan which caused it to weaken somewhat due to frictional 
effects. The rather unusual southwest to northeast track of Ryan at this time meant that Hong 
Kong was generally spared the impact of the high winds although the. peripheral circulation did 
affect the territory. Ryan was closest to Hong Kong about 0800 HKT (0000 UTq 21 
September when it was about 390 km to the south-southeast. The Number 1 Signal was 
lowered three and a half hours later (1130 HKT) as Ryan passed about 140 km south of 
Dongsha, continuing on a northeasterly track, and no longer posing a threat to the territory. 
Lowest sea-level pressure of 100.68 kPa was recorded at the Royal Observatory at 1500 HKT 
(0700 UTq the same day. No significant damage was reported. Ryan's strongest winds also 
missed Taiwan although tropical-storm force winds were reported over the southern part of the 
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Figure 15 DMSP F12 OLS-VIS Image of Super Typhoon Ryan (9519) acquired at 0109 UTe 
on 21 September, 1995 as it tracked northeastwards towards the Luzon Strait. 

Figure 16 Track Map of Super Typhoon Ryan (9519), 16 - 23 September, 1995 
(after Royal Observatory, Hong Kong) 
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island. Ryan caused four deaths and minor damage on Taiwan. Electricity supplies to about 
20,000 households were also interrupted by the passage of the storm. The cyclone's 
circulation also affected the northern Philippines during this time and three fishermen were 
killed as their boat was overturned in heavy seas. Ryan took on a northeast track on 22 
September after traversing the Bashi Channel and headed towards the Ryukyu Islands. 
Miyakojima in the Ryukyus reported a minimum pressure of 95.61 kPa at 1500 UTC 22 
September. Although maximum reported winds were below tropical storm force, higher winds 
probably occurred between the 3 hourly observations. The storm continued to accelerate the 
next day making landfall over western Kyushu, Japan with 155 km h-I winds. Ryan continued 
to accelerate crossing Kyushu and western Honshu and entered the Sea of Japan late on 23 
September. It weakened to a tropical storm on 24 September, took on an east-northeasterly 
track and became extratropical later that day about 320 km east-southeast of Sapporo near 
42 0 N 145 0 E. Ryan was reported to have caused considerable damage in western Japan. An 
elderly woman was killed, five people were injured and three reported missing. More than 950 
homes were inundated and electricity supply to 17,500 houses was interrupted. Figure 16 
shows the track of Super Typhoon Ryan. 

* * *Typhoon Sibyl (9520) 

Tropical Depression 20W formed near 90 N 1330 E, about 1,450 km east-southeast of 
Manila on 27 September. Initially moving west, the system turned west-northwest on 28 
September as it reached tropical storm strength. Sibyl continued a west-northwest reaching 
typhoon strength on 29 September as it moved into the Visayas Islands in the central 
Philippines. The storm made landfall around 1100 UTC that day on the central east coast of 
Samar. It reached a peak intensity of 185 km h- I around 1200 UTC the next day after 
crossing the Sibuyan Sea and just before landing in southern Luzon. Figure 17, acquired 
at 0104 UTe 30 September, shows Sibyl traversing the central Philippines. Legazpi in 
southeastern Luzon reported 80 km h-I sustained winds and a 99.32 kPa pressure at 2200 
UTC 29 September. Romblon Island in the Sibuyan Sea reported 72 km h-I sustained winds at 
0200 and 0300 UTe 30 September, with a minimum pressure of 99.15 kPa one hour later. 
Tayabas Island reported a minimum pressure of 98.65 kPa at 1400 UTC the same day, with 
maximum sustained winds of 65 km h- I one hour earlier. Sibyl passed over Manila later on 30 
September and entered the South China Sea around 0000 UTe on 1 October. During the two 
days of Sibyl's passage across the Philippines heavy rain triggered flash floods, landslides and 
mudflows from Mt. Pinatubo on Luzon. At least 100 deaths were caused by the storm, more 
than 100 others were reported missing and at least 234,000 people were made homeless. 
Property damage estimates exceed US$ 31 million. After entering the South China Sea Sibyl 
began moving west-northwest in the general direction of Hainan Island with 140 km h- I winds 
on October 1. The Tropical Cyclone Stand By Signal Number 1 was hoisted in Hong Kong at 
1745 HKT (0945 UTC) 1 October when Sibyl was about 720 km south-southeast of the 
territory. At that time the weather was fine with moderate easterly winds. The next day Sibyl 
turned on a more northwesterly heading towards the coast of western Guangdong and moving 
closer to Hong Kong. The Strong Wind Signal Number 3 was raised at 1230 HKT (0430 
UTe) 2 October as winds strengthened and squally showers began to affect the territory. Ship 
DIHE reported 93 km h- I winds at 1500 UTe 2 October. As Sibyl continued on its northwest 
track and intensified winds became generally strong and gusty in Hong Kong. The Gale or 
Storm Signal Number 8 SE was hoisted at 0510 HKT 3 October (2110 UTC 2 October) 
when the centre of Sibyl was just to the northeast of Hainan Island. Lowest sea-level pressure of 
100.34 kPa was recorded at the Royal Observatory some two hours earlier at 0300 HKT. 
Sibyl was closest to the territory at 0800 HKT (0000 UTC) 3 October when it was some 290 
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Figure 17 DMSP F12 OLS-VIS Image of Typhoon Sibyl (9520) acquired at 0104 UTe on 
30 September, 1995. 

Figure 18 Track Map of Typhoon Sibyl (9520), 27 September - 4 October, 1995 
(after Royal Observstory; Hong Kong) 
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km to the southwest. Shangchuan Dao, China reported 65 km hoi sustained winds at that time. 
Locally, high winds felled trees and scaffolding but no injuries were reported although several 
cars were damaged. Flash flooding brought by the heavy rain to the northern New Territories 
left people stranded in several villages and inundated about 150 ha of farmland causing losses 
estimated at about HK$15 million (about US$ 1.9 million). Sibyl made landfall over the south 
China coast east of Zhanjiang around 0500 UTC 3 October. Xinyi, China, reported a 
minimum pressure of 99.12 kPa at 0600 UTC 3 October. Winds in Hong Kong started to 
decrease shortly before landfall and the Number 8 SE Signal was replaced by the Strong Wind 
Signal Number 3 at 1130 HKT (0330 UTq 3 October and all signals were lowered at 2045 
HKT (1245 UTC) the same day. The remains of Sibyl dissipated over Guangxi late on 3 
October. In China at least 8 people died, many houses collapsed and roads and bridges were 
damaged. More than 180,000 ha of farmland were destroyed and economic damage was 
estimated to be RMB 1.32 billion (around US$160 million). Figure 18 shows the track of 
Typhoon Sibyl. 

Tropical Depression (9521) 

Tropical Depression 2 1W formed near 13° N 111° E, some 400 km south-southwest of Xisha 
on 28 September. The system drifted west into Vietnam the next day and dissipated. 
Maximum sustained winds in this short-lived system were 45 km h'. There are no reports of 
damage, casualties, or significant weather. 

Tropical Depression (9522) 

Tropical Depression 22W formed about 1,000 km north-northwest of Wake Island, near 
28° N 164° E, on 1 October. The system dissipated the next day near 25° N 161° E. 
Maximum sustained winds in this short-lived system were 55 km hoi. 

Tropical Depression (9523) 

Tropical Depression 23W formed over the South China Sea about 200 km southwest of Xisha, 
near 15° N 113° E, on 5 October. The depression moved west into Vietnam and dissipated 
the next day. Maximum sustained winds were estimated at 45 km h-I. There are no reports of 
damage, casualties, or significant weather. 

Typhoon Ted (9524) 

Tropical Depression 24W formed in the South China Sea near 15° N 116° E, about 520 km 
west-northwest of Manila, on 9 October. Initially moving west, the system turned west
north-west the next day as it reached tropical storm strength. Ted moved northwest into Beibu 
Wan on 11 October, then it turned north as it reached typhoon strength and a peak intensity of 
130 km hot. An oil rig southwest of Hainan, near 17.9° N 109.7° E, reported 120 km hoi 
sustained winds at sea level between 0000 and 0100 UTC 12 October, with a gust to 206 
km h-I at about 100 m elevation at 1930 UTC 11 October. Ted is shown near this location at 
0202 UTC 12 October in Figure 19. The cyclone moved inland near Beihai, China on 13 
October and dissipated over Guangxi later that day. Ted caused havoc in Guangxi, with at 
least 61 people killed and 162 injured. About 175,000 houses were damaged and over 5 
million hectares of farmland affected. Direct economic loss amounted to RMB 3.6 billion 
(about US$ 436 million). 
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Figure 19 DMSP F12 OLS-VIS Image of Typhoon Ted (9524) acquired at 0202 UTe on 
12 October, 1995. 
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Tropical Storm Val (9525) 

A tropical depression formed near 17° N 148° E, about 300 km northeast of Saipan in the 
Marianas, on 8 October. Initially stationary, the depression (designated 25W by the Joint 
Typhoon Warning Center on 9 October) began a northwest motion the next day. The cyclone 
moved west-northwest on 10 October as it reached tropical storm strength. Val reached a peak 
intensity of 85 km h' later that day. The storm turned north-northeast on 11 October, then 
it turned back to the south the next day having made a clockwise loop. Ship 4XGX reported 
78 km h' winds at 1200 UTe 11 October, with a minimum pressure of 100.1 kPa 12 hours 
later. Ship KIRH reported 74 km h' winds at 1800 UTe 11 October. Val drifted erratically 
to the west of Iwo ]ima near 25° N 139° E on 13 October as it weakened to a depression. 
Dissipation occurred the day after near 23° N 138° E, about 420 km west-southwest of 
Iwo ]ima. 

Super Typhoon Ward (9526) 

Tropical Depression 26W formed 800 km east of Guam, near 13° N 152° E, on 16 
October. Initially moving west-northwest, the system turned west and passed near the Mariana 
Island of Rota as a tropical storm on 17 October. It reached typhoon strength later that day. 
Ward had a tight centre while passing through the Marianas. Strong winds were apparently' 
confined to the area near Rota where no observations were available. Saipan reported a peak 
gust of 65 km h' at 0958 UTe 17 October, while maximum reported winds on Guam were 
below tropical storm force. Ward turned west-northwest on 18 October and north-northwest 
on 19 October attaining super typhoon strength around 1200 UTe on that date. The super 
typhoon recurved north-northeast the following day and reached a peak intensity of 260 
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Figure 20 DMSP F12 OLS-VIS Image of Super Typhoon Ward (9526) acquired at 0024 UTe on 
20 October, 1995. 

krn h-I. Figure 20 shows Ward at 0024 UTC 20 October when it was near its peak intensity. 
Ship 9MSM reported 90 krn h' winds at 0600 UTC 20 October. Ward turned northeast and 
rapidly weakened on 21 October, becoming extratropical on 22 October near 32° N 147° E, 
about 800 km southeast of Tokyo. There are no reports of damage or casualties. 

Tropical Storm Yvette (9527) 

Tropical Depression 27W formed to the east of the central Philippines near 12° N 127° E, 
about 710 krn east-southeast of Manila, on 23 October and reached tropical storm strength 
later that day. Yvette followed a general westward motion through its life. The storm moved 
across the southern Philippine Islands on 24 October, then it traversed the South China Sea and 
moved into Vietnam on 26 October. Ship DPUF reported 83 km b' winds and a 100.0 kPa 
pressure at 2100 UTC 24 October, while ship 9MBK reported 76 km h' sustained winds at 
0600 UTC 25 October. The cyclone reached a peak intensity of 110 km h' just before 
moving into Vietnam, and it dissipated over land later that day. There are no reports of 
damage or casualties. 

Typhoon Zack (9528) 

Tropical Depression 28W formed in the western Caroline Islands 1600 km south of Yap, 
near 80 N 138 0 E, on 25 October. The system moved west-northwest and reached tropical 
storm strength later that day. Although Zack affected the Caroline Islands as it was 
developing, there are no reports of damage or casualties from that area. Zack continued west
northwest on 26 October, then it turned west and moved into the Visayas Islands of the central 
Philippines on 27 October. The storm reached typhoon strength while over the Visayas on 28 
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October. lack had a serious impact on the islands of the central Philippines. Iloilo on Panay 
reported 102 km h-I sustained winds and a 99.38 kPa pressure at 1400 UTC 28 October. 
Catarman on Samar reported 61 km h-I sustained winds at 0300 UTC the same day. 
Additionally, Ship WDlW reported 83 km h-I winds and a 100.18 kPa pressure at 0100 UTC 
October 28. Press reports indicate that lack caused more than 160 deaths in the Philippines, 
primarily due to flooding and mudslides. Extensive property damage was also reported. lack 
turned west-northwest as it moved into the South China Sea on with 140 km h-I winds on 29 
October. The storm turned northwest on 30 October as it reached a peak intensity of 230 
km h-I. It then turned west and weakened before moving into Vietnam on 31 October where 
it dissipated over land later that day. Figure 21 shows Typhoon lack at 0137 UTC on 31 
October some hours prior to landfall. Damage and casualties in Vietnam due to lack were 
substantial with 14 reported dead, 80 others missing and more than 26,000 houses destroyed. 
In addition the typhoon aggravated persistent flooding in the country. Press reports indicate the 
floods have killed at least 250 people. 

Super Typhoon Angela (9529) 

Tropical Depression 29W formed near 10° N 146° E, about 400 km south-southeast of Guam, 
on 25 October. Initially moving west, the system moved west-northwest the next day as it 
reached tropical storm strength. Angela affected the southern Mariana Islands as it was 
forming, but there are no reports of damage or casualties. The storm continued west
northwest through 27 October, then it moved slowly west on 28 October as it reached 
typhoon strength. The next day, Angela was east of the Philippine Islands, moving slowly west 
with 140 km h- I winds. Angela followed a general westward motion through 31 October while 
intensifying, then it turned northwest on 1 November as it reached a peak intensity of 285 
km h- I. The typhoon turned west again on 2 November, and this motion continued the next 
day as it moved through the central and northern Philippine Islands. Maximum sustained 

winds were 260 km h- I just prior to landfall. Super Typhoon Angela is shown in Figure 22 at 
01 12 UTC on 2 November when it was near its peak intensity. Further weakening occurred as 
Angela crossed the Philippines into the South China Sea. The storm severely affected the 
central and northern Philippine Islands with the centre tracking near the northern part of 
Catanduanes Island westward across southern Luzon to just south of Manila. Catanduanes 
reported 180 km h- I sustained winds at 1100 UTC 2 November. No pressure reading was 
available at that time. However, the station reported a 96.2 kPa pressure reading two hours 
earlier. Manila reported 130 km h-I sustained winds and a 97.93 kPa pressure at 0300 UTC 
3 November, while Calapan on Mindoro reported 102 km h- I sustained winds and a 98.06 
kPa pressure at the same time. Press reports describe Angela as the strongest typhoon to strike 
the Philippines since Typhoon Agnes in 1984. Some 490 people are known dead with 
another 190 reported missing and 630,000 homeless. Damage to property and crops is 
estimated at more than US$ 90 million. Angela turned west-northwest on 4 November, and 
moved on that track across the South China Sea with 140 km h- I winds the following day. 
Angela continued on her west-northwest track into Beibu Wan on 6 November as it weakened 
to a tropical storm. The cyclone weakened to a depression before moving inland over 
northern Vietnam on 7 November. It dissipated over land later that day. 

Important Note: There are major disagreements between the Japanese Meteorological Agency 
(JMA) and the U.S. Joint Typhoon Warning Center, Guam (JTWC) on Angela's intensity over 
the South China Sea. The estimates from the JMA are 45-100 km h-I lower than those of 
JTWC. No surface data are available to reconcile the differences. 
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Figure 21 DMSP F12 OLS-VIS Image of Typhoon Zack (9528) acquired at 0137 UTe on 
31 October, 1995. 

Figure 22 DMSP F12 OLS-VIS Image of Super Typhoon Angela (9529) acquired at 0112 UTe 
on 2 November, 1995. 
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Tropical Storm Brian (9530) 

Tropical Depression 30W formed about 890 km east-southeast of Wake Island, near 18° N 
175° E on 1 November. Initially moving northwest, the system turned north-northeast the next 
day as it reached tropical storm strength. Brian reached a peak intensity of 95 km h-I later 
that day. The storm accelerated northeast and became extratropical near 33° N 165° E, about 
2,300 km east of Tokyo, on 3 November. 

Tropical Storm Colleen (9531) 

Tropical Storm Colleen formed near 16° N 178° E, 1,250 km east-southeast of Wake Island, 
on 11 November from a non-tropical low that moved across the International Date Line. 
Initially moving south, the storm turned west-northwest later that day at its peak intensity of 
65 km hoi. Colleen weakened to a depression on 12 November, and the system dissipated 
later that day near 1]0 N 173° E, about 700 km east-southeast of Wake Island. 

Tropical Depression (9532) 

Tropical Depression 32W formed 770 km east-southeast of Manila, near 14° N 128° E, on 2 
December. Drifting northeast, the system dissipated the next day near 16° N 130° E, some 
980 km east-northeast of Manila. Maximum sustained winds in this short-lived system were 
55 km hoi. 

Tropical Depression (9533) 

This system may have been the remains of Tropical Depression 32W. Tropical Depression 
33W formed near 14° N 125° E, 440 km east-southeast of Manila, on 4 December. It 
drifted northeast until it dissipated near 15° N 126° E, 550 east-northeast of Manila, the next 
day. Maximum winds in this short-lived system were estimated at 55 km h-I. 

Tropical Depression (9534) 

Tropical Depression 34W formed near 8° N 114° E, 300 km northwest of Kota Kinabalu, 
Sabah, on 7 December. -The cyclone remained nearly stationary through 9 December, then it 
drifted west through the South China Sea on 10 December at its peak intensity of 30 km h-I. 
The system weakened to a low pressure area on 1 I December about 400 km northwest of Kota 
Kinabalu w'ien -it was near 8° NIl 3° E. However, the low pressure area continued to drift 
west and regained tropical depression status once more on 13 December near 8° N 108° E, 
480 km southwest of Ho Chi Minh, Vietnam. The cyclone then drifted erratically until final 
dissipation about 340 km south-southwest of Ho Chi Minh, near 8° N 110° E, on 14 
December. 

Tropical Storm Dan «'-535)'-' 

Tropical Depression 35W formed in the western Caroline Islands about 250 km east of Palau, 
near ]0 N 13]0 E, on 24 December. Initially moving west, the system turned west
northwest on 25 December. This track continued on 26 December as the cyclone reached 
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tropical storm strength. Dan slowed to a west-northwest drift on 27 December, then it turned 
north-northeast the next day. Ship VNVF reported 83 km h' winds and a pressure of 99.57 
kPa at 0300 UTC 28 December. The storm continued north-northeast on 29 December as it 
reached a peak intensity of 110 km h- I

• Dan moved northeast the following day, and became 
extratroplcal on 31 December near 23° N 14]0 E, 750 km west-southwest of Iwo Jima. Ship 
ZCA07 reported 93 km h- I winds at 0600 UTC 30 December. 

Appendix 

Track Coordinates for 1995 Western North Pacific Ocean Tropical Cyclones 
(after U.S. Joint Typhoon Warning Center, Guam) 

Month Day Time(UTC) Latitude Longitude Wind Speed Category 
(degrees) (degrees) knots (krn h') 

Tropical Depression (9501) 

01 08 06 8.8N 175.3E 30 (56) TD 
01 08 12 9.5N 174.1 E 25 (46) TD 
01 08 18 10.IN 173.8E 20 (37) TD 

Tropical Storm CHUCK (9502) 

04 28 06 6.0N 166.0E 30 (56) TD 
04 28 12 6.8N 166.3E 30 (56) TD 
04 28 18 7.0N 166.5E 30 (56) TD 
04 29 00 7.8N 165.1 E 35 (65) TS 
04 29 06 8.1N 163.8E 35 (65) TS 
04 29 12 8.2N 163.7E 35 (65) TS 
04 29 18 8.7N 163.4E 35 (65) TS 
04 30 00 6.5N 162.5E 35 (65) TS 
04 30 06 6.6N 162.5E 35 (65) TS 
04 30 18 6.4N 162.1 E 30 (56) TD 
05 01 00 5.4N 161.8E 25 (46) TD 

Tropical Storm DEANNA/AURING (9503) 

06 01 18 II.ON 125.9E 25 (46) TD 
06 02 00 11.8N 124.1 E 30 (56) TD 
06 02 06 12.9N 122.1 E 30 (56) TD 
06 02 12 13.4N 122.0E 35 (65) TS 
06 02 18 13.8N 121.2E 35 (65) TS 
06 03 00 13.7N 119.8E 35 (65) TS 
06 03 06 13.9N 119.3E 40 (74) TS 
06 03 12 14.1N 118.5£ 45 (83) TS 
06 03 18 14.5N 117.5E 45 (83) TS 
06 04 00 15.IN 117.3E 45 (83) TS 
06 04 06 17.5N I 18.7E 45 (83) TS 
06 04 12 18.6N 119.3E 45 (83) TS 
06 04 18 19.3N 119.6E 45 (83) TS 
06 05 00 19.3N 120.0E 45 (83) TS 
06 05 06 19.2N 119.7E 45 (83) TS 
06 05 12 19~2N 119.6E 45 (83) TS 
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Tropical Storm DEANNAIAURING (9503) continued 

06 05 18 20.4N 119.7E 45 (83) TS 
06 06 00 18.8N 118.9E 40 (74) TS 
06 06 06 18.5N 118.7E 40 (74) TS 
06 06 12 18.9N 118.7E 40 (74) TS 
06 06 18 18.6N 118.0E 40 (74) TS 
06 07 00 19.0N 118.1 E 40 (74) TS 
06 07 06 19.6N 117.8E 40 (74) TS 
06 07 18 21.0N 118.4E 35 (65) TS 
06 08 00 21.7N 119.0E 30 (56) TD 
06 08 06 22.7N 119.1 E 30 (56) TD 
06 08 12 23.5N 120.1 E 30 (56) TD 
06 08 18 23.7N 120.9E 25 (46) TD 
06 09 00 26.2N 124.2E 25 (46) TD 

Tropical Storm ELI (9504) 

06 04 06 13.0N 144.8E 30 (56) TD 
06 04 18 13.3N 143.5E 30 (56) TD 
06 05 06 14.9N 139.0E 30 (56) TD 
06 05 18 16.1N 137.5E 30 (56) TD 
06 06 06 17.6N 137.2E 30 (56) TD 
06 06 12 18.8N 136.8E 30 (56) TD 
06 06 18 18.9N 137.2E 30 (56) TD 
06 07 00 18.6N 137.3E 35 (65) TS 
06 07 06 19.0N 137.3E 35 (65) TS 
06 07 12 19.2N 137.4E 35 (6~) TS 
06 07 18 19.6N 137.3E 35 (65) TS 
06 08 00 20.IN 137.3E 30 (56) TD 
06 08 06 21.7N 137.6E 30 (56) TD 

Typhoon FAYE (9505) 

07 16 00 14.9N 141. 7E 25 (46) TD 
07 16 06 15.8N 141.6E 25 (46) TD 
07 16 12 16.8N 141.6E 25 (46) TD 
07 16 18 17.5N 141.5E 30 (56) TD 
07 17 12 18.5N I 39.7E 35 (65) TS 
07 17 18 18.8N I 39.4E 40 (74) TS 
07 18 00 18.7N 138.6E 45 (83) TS 
07 18 12 19.0N 136.7E 55 (102) TS 
07 18 18 19.IN 136.2E 55 (102) TS 
07 19 06 20.3N 134.6E 60 (I 1I ) TS 
07 19 12 20.8N 133.9E 65 ( 120) T 
07 19 18 21.1 N 133.1 E 65 ( 120) T 
07 20 00 21.3N 132.0E 70 ( 130) T 
07 20 06 22.IN 130.5E 75 ( 139) T 
07 20 12 22.9N I 29.7E 75 (139) T 
07 20 18 23.5N 128.9E 75 (139) T 
07 21 00 24.3N 127.9E 75 ( 139) T 
07 21 06 24.9N 127.2E 75 (139) T 
07 21 12 25.6N 126.8E 90 ( 167) T 
07 21 18 26.4N 126.4E 90 ( 167) T 
07 22 00 27.2N 126.2E 95 ( 176) T 
07 22 06 28.0N 126.5E 95 ( 176) T 
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Typhoon FAYE (9505) continued 

07 22 18 30.7N 127.6E 90 ( 167) T 
07 23 00 32.3N 127.8E 90 ( 167) T 
07 23 06 34.5N 127.8E 85 (157) T 
07 23 12 35.9N 128.3E 80 (148) T 
07 23 18 37.2N 129 AE 65 ( 120) T 
07 24 00 38.4N 131.2E 55 (102) TS 
07 24 06 40.4N 133.2E 45 (83) TS 
07 24 12 41.3N I 36.4E 40 (74) TS 
07 24 18 41.3N 140.IE 30 (56) TD 

Tropical Depression (9506) 

07 26 18 17.0N 124.2E 25 (46) TD 
07 27 06 16.5N 122.3E 25 (46) TD 
07 27 12 16.7N 122.0E 30 (56) TD 
07 27 18 17.0N 121.5E 30 (56) TD 
07 28 00 17.4N 123.0E 30 (56) TD 
07 28 06 17.6N 122.8E 30 (56) TD 
07 28 12 17.8N 122.9E 30 (56) TD 
07 28 18 18.2N 122.8E 30 (56) TD 
07 29 00 18.8N 122.2E 30 (56) TD 
07 29 06 18.9N 121. 7E 20 (37) TD 

Tropical Storm GARY (9507) 

07 29 00 18.7N 118.4E 25 (46) TD 
07 29 06 19.2N 118.2E 30 (56) TD 
07 29 12 19.0N 118.1 E 40 (74) TS 
07 29 18 19.1 N 118.0E 40 (74) TS 
07 30 00 19.2N 117.5E 45 (83) TS 
07 30 06 19.4N 117.2E 50 (93) TS 
07 30 12 19.9N 117.8E 50 (93) TS 
07 30 18 21.2N 117.3E 55 (102) TS 
07 31 00 22.4N 117.IE 60 (1 11) TS 
07 31 06 24.IN 117.0E 55 (102) TS 
07 31 12 25.8N 116.9E 40 (74) TS 
07 31 18 26.9N 116.7E 35 (65) TS 

Tropical Storm HELEN (9508) 

08 07 00 16.0N 133.4E 25 (46) TD 
08 07 06 14AN 132.3E 25 (46) TD 
08 07 12 14.5N 131.0E 25 (46) TD 
08 07 18 14.4N 130.3E 30 (56) TD 
08 08 00 14.7N 129.6E 30 (56) TD 
08 08 06 18.6N 127.7E 30 (56) TD 
08 08 12 18.8N 126.8E 30 (56) TD 
08 08 18 19.2N 126.1E 30 (56) TD 
08 09 00 19.5N 123.6E 35 (65) TS 
08 09 06 19.4N 121.6E 40 ' (74) TS 
08 09 12 19AN 120.3E 40 (74) TS 
08 09 18 19.1N 119.4E 40 (74) TS 
08 10 00 19.2N 118.3E 40 (74) TS 
08 10 06 19.1 N 117.3E 40 (74) TS 
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Tropical Storm HELEN (9508) continued 

08 
08 
08 
08 
08 
08 
08 
08 
08 

\0 
10 
11 
11 
11 
11 
12 
12 
12 

12 
18 
00 
06 
12 
18 
00 
06 
12 

18.2N 
18.2N 
18.9N 
20.0N 
20.7N 
21.5N 
22.5N 
23.5N 
24.1N 

117.0E 
116.3E 
115.9E 
115.3E 
115.2E 
114.7E 
114.7E 
114.5E 
114AE 

45 
45 
50 
60 
60 
60 
60 
45 
35 

(83 ) 
(83) 
(93) 

( 111) 
( 1II) 
( 1II) 
(1 II) 
(83) 
(65) 

T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 

Tropical 5torm IRVING (9509) 

08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 

17 
17 
17 
18 
18 
18 
18 
19 
19 
19 
19 
20 
20 
20 

06 
12 
18 
00 
06 
12 
18 
00 
06 
12 
18 
00 
12 
18 

15AN 
16.5N 
17.1N 
17.9N 
18AN 
18.9N 
19.3N 
19.6N 
19.9N 
20.0N 
20.3N 
21.0N 
22.5N 
22.8N 

112.2E 
112AE 
112.6E 
112.5E 
112.3E 
112.3E 
112.2E 
111.8E 
111.2E 
110.7E 
109.9E 
109.1 E 
109.1 E 
108.9E 

25 
35 
35 
35 
45 
50 
55 
60 
60 
55 
50 
45 
35 
30 

(46) 
(65) 
(65) 
(65) 
(83) 
(93) 

(102) 
(1 11) 
( 1II) 
(102) 
(93) 
(83 ) 
(65) 
(56) 

TD 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
TD 

Tropical 5torm JANI5 (951 O) 

08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 
08 

21 
22 
22 
22 
22 
23 
23 
23 
23 
24 
24 
24 
24 
25 
25 
25 
25 
26 
26 
26 

12 
00 
06 
12 
18 
00 
06 
12 
18 
00 
06 
12 
18 
00 
06 
12 
18 
00 
06 
18 

20AN 
20.6N 
20.7N 
20.6N 
21.0N 
23.5N 
24.1N 
25.0N 
25.6N 
26.4N 
27.2N 
27.4N 
28.3N 
28.5N 
29.8N 
30.6N 
31.7N 
34.2N 
35.6N 
38.1N 

129.9E 
130.2E 
130.5E 
130.7E 
130.0E 
127.8E 
126AE 
125.7E 
124.6E 
123.3E 
122.4E 
122.4E 
122.0E 
120.9E 
120.7E 
120.9E 
121.6E 
122.6E 
124.5E 
127.9E 

25 
40 
45 
45 
45 
40 
40 
40 
45 
45 
45 
55 
50 
45 
40 
40 
40 
45 
50 
40 

(46) 
(74) 
(83) 
(83) 
(83 ) 
(74) 
(74) 
(74) 
(83 ) 
(83 ) 
(83 ) 

(102) 
(93) 
(83) 
(74) 
(74) 
(74) 
(83 ) 
(93) 
(74) 

TD 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 
T5 

Tropical Depression (951 1) 

08 
08 

22 
23 

12 
00 

25.1N 
23.9N 

125.0E 
123.9E 

25 
25 

(46) 
(46) 

TD 
TD 
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Super Typhoon KENT/GENING (9512) 

08 26 00 15.7N 128.2E 25 (46) TD 
08 26 12 16.2N 126.6E 40 (74 ) TS 
08 26 18 15.8N 126.2E 50 (93) TS 
08 27 00 16.6N 126.3E 55 (102) TS 
08 27 06 17.2N 126.2E 55 (102) TS 
08 27 12 17.4N 126.0E 60 ( 111) TS 
08 27 18 17.4N 125.9E 65 ( 120) T 
08 28 00 17.4N 126.1 E 65 ( 120) T 
08 28 06 17.9N 126.2E 70 ( 130) T 
08 28 12 18.3N 126.1 E 75 (139) T 
08 28 18 18.6N 125.8E 75 ( 139) T 
08 29 00 18.4N 125.3E 75 ( 139) T 
08 29 06 18.6N 124.7E 85 ( 157) T 
08 29 12 19.0N 124.0E 130 (241 ) ST 
08 29 18 19.4N 123.5E 130 (241 ) ST 
08 30 00 20.1 N 122.2E 130 (241 ) ST 
08 30 12 21.2N 119.6E 130 (241 ) ST 
08 30 18 21.6N 118.4E 130 (241 ) ST 
08 31 00 22.3N 116.9E 125 (232) ST 
08 31 12 23.1N 113.4E 80 ( 148) T 
08 31 18 23.6N 111.9E 65 ( 120) T 
09 01 00 24.1N 109.9E 35 (65) TS 

Typhoon LOIS (9513) 

08 26 00 17.8N 115.5E 25 (46) TD 
08 26 06 18.0N 114.7E 30 (56) TD 
08 26 12 18.1N 114.4E 30 (56) TD 
08 26 18 18.2N 114.1 E 35 (65) TS 
08 27 00 17.2N 112.9E 45 (83) TS 
08 27 06 17.6N 112.1 E 55 (102) TS 
08 27 12 17.5N 111.4E 55 (102) TS 
08 27 18 18.3N 110.0E 60 ( 111) TS 
08 28 00 18.4N 109.9E 65 ( 120) T 
08 28 06 18.5N 109.4E 65 ( 120) T 
08 28 12 18.8N 109.0E 65 ( 120) T 
08 28 18 18.8N 108.4E 65 ( 120) T 
08 29 06 19.3N 107.1 E 65 ( 120) T 
08 29 12 19.5N 106.4E 65 ( 120) T 
08 29 18 19.6N 105.6E 65 ( 120) T 
08 30 00 19.1 N 104.6E 50 (93) TS 

Typhoon MARK (9514) 

08 30 00 28.6N 152.3E 30 (56) TD 
08 30 12 29.4N 153.0E 45 (83) TS 
08 30 18 30.1N 154.2E 55 (102) TS 
08 31 00 30.5N 155.0E 55 (102) TS 
08 31 06 31.2N 156.0E 65 ( 120) T 
08 31 12 31.4N 157.1 E 65 ( 120) T 
08 31 18 32.0N 157.7E 65 ( 120) T 
09 01 00 33.3N 158.8E 75 (139) T 
09 01 06 34.8N 160.5E 85 (157) T 
09 01 12 36.4N 163.1 E 85 (157) T 
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Typhoon MARK (9514) continued 

09 
09 
09 
09 

01 
02 
02 
02 

18 
00 
06 
12 

37.5N 
39.8N 
40.8N 
40.9N 

167.0E 
169.8E 
171.6E 
176.9E 

75 
75 
50 
45 

( 139) 
( 139) 
(93) 
(83) 

T 
T 

TS 
TS 

Tropical Storm NINAIHELMING (9515) 

09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 

02 
03 
03 
03 
04 
04 
04 
04 
05 
05 
05 
06 
06 
06 
06 
07 
07 
07 

18 
00 
06 
12 
00 
06 
12 
18 
06 
12 
18 
00 
06 
12 
18 
00 
06 
12 

12.4N 
13.2N 
14.3N 
15.7N 
17.1N 
16.9N 
17.0N 
17.IN 
16.6N 
16.6N 
17.3N 
17.3N 
17.7N 
18.3N 
19.3N 
20.7N 
20.8N 
22.9N 

128.3E 
126.5E 
126.2E 
125.1 E 
122.6E 
119.9E 
118.1 E 
118.0E 
116.6E 
115.8E 
114.6E 
114.1 E 
113.6E 
113.1 E 
112.5E 
110.9E 
109.6E 
108.1 E 

30 
35 
35 
35 
35 
25 
35 
35 
35 
35 
35 
35 
40 
40 
45 
45 
45 
40 

(56) 
(65) 
(65) 
(65) 
(65) 
(46) 
(65) 
(65) 
(65) 
(65) 
(65) 
(65) 
(74) 
(74) 
(83) 
(83) 
(83) 
(74) 

TD 
TS 
TS 
TS 
TS 
TD 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 

Tropical Depression (9516) 

09 
09 
09 
09 

09 
10 
10 
II 

18 
06 
18 
06 

13.4N 
13.7N 
14.3N 
14.6N 

110.3E 
109.9E 
109.0E 
109.3E 

25 
25 
25 
20 

(46) 
(46) 
(46) 
(37) 

TD 
TD 
TD 
TD 

Super Typhoon OSCAR (971 7) 

09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 

11 
12 
12 
12 
13 
13 
13 
13 
14 
14 
14 
14 
IS 
15 
15 
15 
16 
16 
16 

18 
00 
06 
18 
00 
06 
12 
18 
00 
06 
12 
18 
00 
06 
12 
18 
00 
06 
12 

15.0N 
15.8N 
16.3N 
17.2N 
17.6N 
17.9N 
19.3N 
19.7N 
20.5N 
21.0N 
21.4N 
22.4N 
23.0N 
24.1N 
25.0N 
25.9N 
27.2N 
28.2N 
29.7N 

147.5E 
147.5E 
147.1 E 
146.0E 
145.9E 
145.6E 
143.4E 
142.6E 
141.3E 
140.0E 
139.2E 
138.5E 
137.9E 
137.4E 
I 37.0E 
136.6E 
136.5E 
136.6£ 
137.3E 

30 
30 
30 
40 
45 
55 
65 
75 
75 
90 

110 
·110 

120 
135 
140 
140 
140 
140 
140 

(56) 
(56) 
(56) 
(74) 
(83) 

(102) 
( 120) 
(139) 
(139) 
(167) 
(204) 
(204) 
(222) 
(250) 
(259) 
(259) 
(259) 
(259) 
(259) 

TD 
TD 
TD 
TS 
TS 
TS 
T 
T 
T 
T 
T 
T 
T 
ST 
ST 
ST 
ST 
ST 
ST 

HKMetS Bulletin Vol. 6, No.2, 1996 33 



Super Typhoon OSCAR (9717) continued 

09 16 18 31.2N 138.2E 140 (259) ST 
09 17 00 33.1 N 139.9E 125 (232) ST 
09 17 06 36.4N 142.9E 110 (204) T 
09 17 12 39.7N 146.3E 100 ( 185) T 
09 17 18 42.8N 150.9E 80 ( 148) T 
09 18 00 44.7N 155.1 E 65 ( 120) T 

Typhoon POLLY (9518) 

09 14 06 17.7N 123.9E 30 (56) TD 
09 14 18 17.1N 123.8E 35 (65) TS 
09 15 00 17.4N 124.5E 35 (65) TS 
09 15 06 17.3N 124.9E 35 (65) TS 
09 15 12 17.6N 125.3E 35 (65) TS 
09 15 18 17.8N 126.2E 35 (65) TS 
09 16 00 18.0N 127.6E 35 (65) TS 
09 16 06 18.2N 128.9E 45 (83) TS 
09 16 12 18.5N 130.4E 45 (83) TS 
09 16 18 19.3N 133.2E 45 (83) TS 
09 17 00 19.4N 135.1 E 45 (83) TS 
09 17 06 19.3N 137.0E 45 (83) TS 
09 17 12 19.7N 138.0E 55 (102) TS 
09 17 18 20.4N 138.0E 55 (102) TS 
09 18 00 20.7N 137.7E 65 ( 120) T 
09 18 06 22.2N 137.7E 65 ( 120) T 
09 18 12 23.0N 137.9E 80 ( 148) T 
09 18 18 24.1 N 138.1 E 90 ( 167) T 
09 19 00 24.9N 138.0E 90 ( 167) T 
09 19 06 25.7N 139.0E 90 ( 167) T 
09 19 12 26.5N 140.2E 90 ( 167) T 
09 19 18 27.8N 141.3E 90 ( 167) T 
09 20 00 29.0N 142.5E 90 ( 167) T 
09 20 06 29.9N 144.1 E 90 ( 167) T 
09 20 12 30.6N 145.5E 90 ( 167) T 
09 20 18 31.7N 147.7E 85 (157) T 
09 21 00 33.4N 149.1 E 85 (157) T 
09 21 06 34.7N 152.1 E 85 (157) T 
09 21 12 36.2N 155.4E 75 (139) T 
09 21 18 37.7N 158.6E 65 ( 120) T 

Super Typhoon RYAN (9519) 

09 15 12 i4.7N 116.8E 30 (56) TD 
09 16 00 14.0N 114.6E 35 (65) TS 
09 16 06 13.8N 114.6E 40 (74) TS 
09 16 12 13.8N 114.0E ·45 (83 ) TS 
09 17 00 13.9N 114.7E 45 (83) TS 
09 17 06 14.7N 114.7E 35 (65) TS 
09 17 18 15.1N 114.9E 45 (83) TS 
09 18 00 14.7N 114.6E 45 (83) TS 
09 18 06 14.9N 113.6E 55 (102) TS 
09 18 12 14.7N 113.6E 55 (102) TS 
09 18 18 14.7N 113.3E 55 (102) TS 
09 19 00 15.1N 112.2E 55 (102) TS 
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Super Typhoon RYAN (9519) continued 

09 19 06 15.6N 112.4E 65 ( 120) T 
09 19 12 16.4N 113.3E 65 ( 120) T 
09 19 18 17.0N 112.7E 65 ( 120) T 
09 20 00 17.6N 112.6E 90 ( 167) T 
09 20 06 17.8N 113.1 E 90 ( 167) T 
09 20· 12 18.3N 113.8E 95 (176) T 
09 20 18 18.8N 114.9E 95 ( 176) T 
09 21 00 19.2N 116.2E 100 ( 185) T 
09 21 06 19.7N 117.4E 115 (213) T 
09 21 12 20.5N 118.4E 125 (232) T 
09 21 18 21.0N 119.8E 130 (241 ) ST 
69 22 00 21.4N 120.8E 130 (241 ) ST 
09 22 06 22.3N 122.4E 120 (222) T 
09 22 12 23.6N 123.6E 125 (232) T 
09 22 18 25.0N 124.9E 105 ( 194) T 
09 23 00 26.5N 125.9E 105 ( 194) T 
09 23 06 28.5N 127.5E 105 ( 194) T 
09 23 12 30.6N 128.9E 100 ( 185) T 
09 23 18 33.3N 131.5E 85 (157) T 
09 24 00 36.7N 134.4E 65 ( 120) T 
09 24 06 39.7N 138.0E 60 ( 111) TS 
09 24 12 41.5N 142.6E 50 (93) TS 

Typhoon SIBYL (9520) 

09 28 00 8.1 N 131.1E 30 (56) TD 
09 28 06 8.4N 129.3E 30 (56) TD 
09 28 12 8.5N 129.0E 30 (56) TD 
09 28 18 10.5N 127.1 E 35 (65) TS 
09 29 00 10.5N 127.5E 45 (83) TS 
09 29 06 10.8N 126.8E 55 (102) TS 
09 29 18 12.2N 124.1 E 70 ( 130) T 
09 30 00 12.9N 122.9E 85 ( 157) T 
09 30 06 13.4N 122.1 E 90 ( 167) T 
09 30 12 13.4N 121.4E 100 ( 185) T 
09 30 18 14.3N 120.8E 75 (139) T 
10 01 06 16.4N 118.6E 75 (139) T 
10 01 12 17.1N 117.1 E 75 (139) T 
10 01 18 17.2N 116.0E 75 ( 139) T 
10 02 00 17.6N 115.1 E 75 (139) T 
10 02 06 1a.5N 114.2E 75 (139) T 
10 02 12 19.5N 113.1 E 75 ( 139) T 
10 02 18 20.2N 112.1 E 60 (1 11) TS 
10 03 00 20.9N 111.9E 60 (1 1I ) TS 
10 03 06 21.9N II I.2E 60 ( I I I ) TS 
10 03 12 22.6N 110.7E 50 (93) TS 
10 03 18 23.4N 110.2E 40 (74) TS 

Tropical Depression (9521) 

09 28 06 12.8N 110.5E 25 (46) TD 
09 28 12 12.6N 109.4E 25 (46) TD 
09 29 00 12.9N 109.IE 25 (46) TD 

HKMetS Bulletin Vol. 6, No.2, 1996 35 



-'§1 

Tropical Depression (9522) 

10 
10 
10 
10 
10 
10 

01 
01 
01 
01 
02 
02 

00 
06 
12 
18 
00 
06 

27.5N 
27.5N 
27.7N 
26.8N 
25.6N 
25.0N 

163.7E 
162.8E 
163.9E 
164.1 E 
162.6E 
161.1 E 

30 
30 
30 
25 
25 
25 

(56) 
(56) 
(56) 
(46) 
(46) 
(46) 

TD 
TD 
TD 
TD 
TD 
TD 

Tropical Depression (9523) 

10 06 00 14.5N 111.5E 25 (46) TD 

Typhoon TED (9524) 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

09 
09 
09 
09 
10 
10 
10 
10 
11 
11 
11 
11 
12 
12 
12 
12 
13 
13 
13 

00 
06 
12 
18 
00 
06 
12 
18 
00 
06 
12 
18 
00 
06 
12 
18 
00 
06 
12 

16.1 N 
15.2N 
15.2N 
15.1N 
15.6N 
15.6N 
15.8N 
16.1N 
16.3N 
17.0N 
17.7N 
18.0N 
18.2N 
18.4N 
18.8N 
19.2N 
21.1N 
21.9N 
22.1N 

119.0E 
115.4E 
113.1 E 
112.2E 
112.3E 
11l.1E 
110.3E 
109.5E 
109.7E 
109.2E 
108.4E 
108.1 E 
107.9E 
108.0E 
108.1 E 
107.9E 
108.5E 
108.7E 
109.IE 

30 
30 
30 
30 
35 
35 
35 
35 
35 
35 
45 
45 
45 
65 
70 
65 
65 
65 
55 

(56) 
(56) 
(56) 
(56) 
(65) 
(65) 
(65) 
(65) 
(65) 
(65) 
(83) 
(83) 
(83) 

( 120) 
(130) 
( 120) 
( 120) 
( 120) 
(102) 

TD 
TD 
TD 
TD 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
T 
T 
T 
T 
T 

TS 

Tropical Storm VAL (9525) 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

09 
09 
10 
10 
10 
10 
11 
11 
II 
11 
12 
12 
12 
12 
13 
13 
13 
13 
14 

06 
18 
00 
06 
12 
18 
00 
06 
12 
18 
00 
06 
12 
18 
00 
06 
12 
18 
00 

19.8N 
20.9N 
22.2N 
23.7N 
24.2N 
24.4N 
25.2N 
26.1 N 
26.3N 
27.1N 
26.8N 
26.5N 
25.2N 
25.0N 
24.5N 
24.4N 
24.7N 
24.9N 
23.4N 

146.8E 
·146.5E 
144.6E 
142.6E 
14l.4E 
140.6E 
138.7E 
137.5E 
137.6E 

. 138.1 E 
136.3E 
136.7E 
137.0E 
136.9E 
138.2E 
139.0E 
139.0E 
138.9E 
138.2E 

25 
30 
35 
35 
35 
45 
45 
45 
45 
45 
45 
45 
40 
40 
30 
30 
30 
30 
25 

(46) 
(56) 
(65) 
(65) 
(65) 
(83) 
(83) 
(83) 
(83) 
(83) 
(83) 
(83) 
(74) 
(74) 
(56) 
(56) 
(56) 
(56) 
(46) 

TD 
TD 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TD 
TD 
TD 
TD 
TD 
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Super Typhoon WARO (9526) 

10 16 12 13.1N 152.2E 30 (56) TO 
10 16 18 13.2N 150.7E 30 (56) TO 
10 17 00 13.6N J 48.7E 35 (65) TS 
10 17 06 14.3N 146.7E 45 (83) TS 
10 17 12 14.5N 145.3E 55 ( 102) TS 
10 17 18 14.9N 143.7E 65 ( 120) T 
10 18 00 15.4N 142.0E 75 (139) T 
10 18 06 16.0N 140.5E 90 ( 167) T 
10 18 12 16.5N 139.3E 100 ( 185) T 
10 18 18 17.5N 137.8E 110 (204) T 
10 19 00 18.3N 136.8E 110 (204) T 
10 19 06 19.5N 135.5E 110 (204) T 
10 19 12 21.0N 134.9E 130 (241 ) ST 
10 19 18 22.1N 134.1 E 135 (250) ST 
10 20 00 22.9N I 34.4E 140 (259) ST 
10 20 06 24.0N 134.4E 130 (241 ) ST 
10 20 12 24.5N 134.8E 130 (241 ) ST 
10 20 18 25.1N 134.9E 125 (232) ST 
10 21 00 25.9N 135.7E 110 (204) T 
10 21 12 27.2N 138.2E 85 ( 157) T 
10 21 /8 28.1N 139.4E 75 (139) T 
10 22 00 29.6N 140.6E 65 ( 120) T 
10 22 06 30.6N 143.5E 60 ( 111) TS 
10 22 12 31.3N 147.7E 50 (93) TS 

Tropical Storm YVETTE (9527) 

.,.. ,. 

10 23 06 13.3N 125.7E 30 (56) TO 
10 23 12 13.8N 124.6E 30 (56) TO 
10 23 18 13.9N 123.1 E 35 (65) TS 
10 24 00 J4.6N 121.2E 35 (65) TS 
10 24 06 14.9N 120.2E 35 (65) TS 
10 24 12 14.9N 119.6E 35 (65) TS 
10 24 18 14.9N 118.7E 35 (65) TS 
10 25 00 14.1N 114.7E 45 (83) TS 
10 25 06 14.IN 113.3E 45 (83 ) TS 
10 25 12 14.0N 111.6E 55 (102) TS 
10 25 18 14.1N 110.0E 55 (102) TS 
10 26 00 13.7N 109.4E 60 (1 I 1) TS 
10 26 06 13.4N 108.6E 60 ( I I 1) TS 
10 26 12 13.3N 107.6E 55 (102) TS 

Typhoon ZACK (9528) 

10 25 06 8.9N 137.1 E 25 (46) TO 
10 25 12 9.0N 136.9E 35 (65) TS 
10 25 18 9.7N 136.4E 35 (65) TS 
10 26 00 8.3N 134.4E 35 (65) TS 
10 26 06 8.2N 133.5E 35 (65) TS 
10 26 12 8.7N 132.7E 35 (65) TS 
10 26 18 9.1N 132.1 E 35 (65) TS 
10 27 00 9.6N 131.2E 35 (65) TS 
10 27 06 10.2N J30.0E 40 (74) TS 
10 27 12 10.2N 128.5E 45 (83) TS 
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Typhoon ZACK (9528) continued 

10 27 18 lOAN 126.9£ 60 (1 1I) TS 
10 28 00 lOAN 125.4£ 65 ( 120) T 
10 28 06 10.7N 124.2£ 65 ( 120) T 
10 28 ·12 10.9N 123.0£ 65 ( 120) T 
10 28 18 11.0N 121.7£ 65 ( 120) T 
10 
10 

29 
29 

00 
06 

ILl N 
II AN 

120.5£ 
119.1£ 

65 
-.""75 

( 120) 
( 139) 

T 
T 

10 29 12 I1AN 118.0£ 75 ( 139) T 
10 29 18 11.8N 117.0£ 75 (139) T 
10 30 00 12.3N 115.7£ 75 (139) T 
10 30 06 13.IN 115.1 £ 90 ( 167) T 
10 30 12 14.0N 114.9£ 125 (232) T 
10 30 18 14.5N 114.0£ 115 (213) T 
10 31 00 15.IN 113.2£ lIS (213) T 
10 31 06 14.8N 112.3£ 115 (213) T 
10 31 12 14.8N 111.4£ 115 (213) T 

" " 

10 31 18 14.7N 110.6£ 110 (204) T 
11 01 00 14.8N 109.8£ 100 ( 185) T 
11 01 06 14.8N 108.6£ 90 ( 167) T 
II 01 12 14.8N 107.2£ 65 ( 120) T 

Super Typhoon ANG£LA (9529) 

10 25 18 10.3N 14604£ 30 (56) TD 
10 26 00 10.1 N 145.5£ 30 (56) TD 
10 26 06 10.7N 144.0£ 35 (65) TS 
10 26 12 12.1N 143.1 £ 40 (74) TS 
10 26 18 12.2N 142.2£ 45 (83) TS 
10 27 00 12.4N 141.5£ 55 ( 102) TS 
10 27 06 12.3N 141.1 £ 60 ( 1II) TS 
10 27 12 12.5N 140.4£ 60 ( II I) TS 
10 27 18 12.7N 139.9£ 60 ( 11 I) TS 
10 28 00 13.2N 139.2£ 65 ( 120) T 
10 28 06 13.5N 138.5£ 65 ( 120) T 
10 28 12 13.IN 137.5£ 70 (130) T 
10 28 18 13.IN 137.1 £ 75 ( 139) T 
10 29 00 13.IN 138.2£ 75 ( 139) T 
10 29 06 13.0N 138.0£ 75 ( 139) T 
10 29 12 12.2N 138.0£ 75 (139) T 
10 29 18 12.3N 137.4£ 75 (139) T 
10 30 00 12.2N 136.7£ 75 (139) T 
10 30 06 11.6N 135.7£ 75 ( 139) T 
10 30 12 IIAN 135.3£ 90 ( 167) T 
10 30 18 11.7N 134.5£ 90 ( 167) T 
10 31 00 11.9N 133.7£ 90 ( 167) T 
10 31 06 12.0N 132.7£ 90 ( 167) T 
10 31 12 12.2N 131.5£ 90 ( 167) T 
10 31 18 12.4N 130.2£ 100 ( I 85) T 
II 01 00 12.6N 129.4£ ISS (287) ST 
1I 01 06 13.2N 128.9£ 155 (287) ST 
1I 01 12 14.IN 128.1 £ 155 (287) ST 
1I 01 18 14.3N 126.8£ 155 (287) ST 
11 02 00 14AN 125.9£ 155 (287) ST 
11 02 06 14.2N 125.0£ 155 (287) ST 

38 HKMetS Bulletin~ Vol. 6~ No. 2~ 1996 

.........----------------_.... 



Super Typhoon ANGELA (9529) continued 

II 
II 
11 
1I 
1I 
II 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

02 
02 
03 
03 
03 
03 
04 
04 
04 
04 
OS 
OS 
OS 
05 
06 
06 
06 
06 

12 
18 
00 
06 
12 
18 
00 
06 
12 
18 
00 
06 
12 
18 
00 
06 
12 
18 

14.IN 
14.IN 
14.2N 
14.4N 
14.6N 
14.7N 
14.7N 
14.8N 
14.9N 
15.IN 
15.4N 
16.1N 
16.6N 
16.7N 
17.1N 
17.6N 
17.7N 
18.3N 

124.3E 
123.2E 
122.0E 
119.9E 
118.9E 
118.OE 
117.0E 
116.0E 
114.9E 
113.9E 
112.9E 
1 I 1.6E 
111. 1E 
110.9E 
110AE 
109.4E 
108.8E 
108.1 E 

ISS 
140 
140 
120 
125 
125 
120 
115 
115 
lIS 
110 
100 
90 
75 
70 
50 
45 
30 

(287) 
(259) 
(259) 
(222) 
(232) 
(232) 
(222) 
(213) 
(213) 
(213) 
(204) 
( 185) 
(167) 
( 139) 
(130) 
(93) 
(83) 
(56) 

ST 
ST 
ST 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

TS 
TS 
TD 

Tropical Storm BRIAN (9530) 

11 
11 
11 
11 
11 
11 
1 I 
11 
11 
11 
11 
11 
11 

01 
01 
01 
01 
02 
02 
02 
02 
03 
03 
03 
03 
04 

00 
06 
12 
18 
00 
06 
12 
18 
00 
06 
12 
18 
00 

17.9N 
18.7N 
20.0N 
20.7N 
22.7N 
24.4N 
25.9N 
27.3N 
28.6N 
30.8N 
32.0N 
32.6N 
33.3N 

157.2E 
155.6E 
154.1 E 
152.6E 
151.3E 
150.8E 
151.9E 
153.3E 
155.3E 
158.7E 
160.6E 
162.6E 
165.4E 

. 

30 
30 
30 
30 
30 
35 
50 
SO 
SO 
SO 
SO 
45 
35 

(56 ) 
(56 ) 
(56) 
(56 ) 
(56) 
(65) 
(93) 
(93) 
(93) 
(93) 
(93) 
(83) 
(65) 

TD 
TD 
TD 
TD 
TD 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 

Tropical Storm COLEEN (9531) 

11 
11 
11 
11 
11 

12 
12 
12 
13 
13 

06 
12 
18 
00 
06 

16.IN 
16.0N 
16.5N 
17.3N 
17AN 

177.9E 
177.6E 
176.6E 
174.8E 
173.1 E 

35 
35 
35 
30 
25 

(65) 
(65) 
(65) 
(56 ) 
(46) 

TS 
TS 
TS 
TD 
TD 

Tropical Depression (9532) 

12 
12 
12 

02 
02 
03 

06 
12 
00 

14.3N 
14.9N 
15.7N 

128.4E 
128.8E 
129.9E 

30 
30 
30 

(56 ) 
(56) 
(56 ) 

TD 
TD 
TD 

Tropical Depression (9533) 

12 
12 

04 
04 

06 
18 

13.8N 
14.8N 

124.8E 
126.4E 

25 
25 

(46) 
(46) 

TD 
TD 
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Tropical Depression (9534) 

12 08 06 7.6N 113.5E 25 (46) TO 
12 08 18 7AN 113.4E 25 (46) TO 
12 09 06 7.9N 113.6E 30 (56) TO 
12 09 18 8.0N 114.2E 30 (56) TO 
12 10 06 8.5N 114.9E 30 (56) TO 
12 10 \8 8.1N 113.7E 30 (56) TO 
12 11 06 8.2N 113.5E 30 (56) TO 
12 11 18 8AN 113.4E 25 (46) TO 
12 13 18 7.7N 108.2E 25 (46) TO 
12 14 06 8.0N 109.9E 20 (37) TO 

Tropical Storm Oan (9535) 

12 26 06 8.9N 130.1 E 25 (46) TO 
12 26 18 9.3N 128.8E 25 (46) TO 
12 27 00 9.1N 128.7E 30 (56) TO 
12 27 06 9.2N 128.1 E 35 (65) TS 
12 27 18 9.7N 127.5E 50 (93) TS 
12 28 00 10.IN 126.9E 55 ( 102) TS 
12 28 06 10.7N 127.1 E 55 (102) TS 
12 28 12 11.6N 127.1 E 55 ( 102) TS 
12 28 18 12.1N 127.6E 55 (102) TS 
12 29 00 11.6N 128.9E 55 (102) TS 
12 29 06 11.9N I 29.OE 55 (102) TS 
12 29 12 13.3N 129.5E 55 ( 102) TS 
12 29 18 14.8N 130.0E 55 (102) TS 
12 30 00 15.7N 130.5E 55 (102) TS 
12 30 06 16.6N 131.4E 55 (102) TS 
12 30 12 17.6N 132.5E 55 ( 102) TS 
12 30 18 19.IN 134.3E 55 (102) TS 
12 31 00 20AN 138.0E 40 (74) TS 
12 31 06 21.5N 141.7E 25 (46) TO 
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Trapped Lee Waves over 
Lantau Island: Case Studies 

Abstract 

The occurrence of both a Foehn effect and trapped lee waves over Lantau 
Island in Hong Kong have been identified using meteorological observations 
made simultaneously on both sides' of the Island. Three typical cases are 
presented in this paper, with winds coming from the north in two instances and 
from the opposite southeasterly direction in the third. Characteristic increase of 
air temperature and drop in relative humidity associated with the phenomenon 
were observed on the mountain lee in all three cases. The calculated 
wavelengths of trapped lee waves from most radiosonde ascents were .very 
similar to the half-width of the ridge. 

Introduction 

Meteorological observations from weather stations located on either side of the mountains on 
Lantau Island provided an unique opportunity for studying the Foehn phenomenon in Hong 
Kong. Although the ridge involved was less than 1,000 metres high, various characteristics of 
Foehn winds have been observed. 

The Foehn effect (Brinkman, 1971) describes a phenomenon in which a moist horizontal 
airstream impinges almost perpendicularly on a mountain ridge where forced lifting causes 
condensation and sometimes rain on the windward slope. As the airstream descends the 
leeside, it becomes wanner and drier as a result of adiabatic heating. 

Moreover, in a stably stratified atmosphere and under favourable conditions, the airstream 
would oscillate vertically to form lee waves and propagate long distances downstream of the 
ridge. Rotor streaming is often found below the wave crests of reasonable amplitudes 
(Wallington, 1960). Lee waves are observed downstream of high mountain ridges such as 
the Alps and the Rockies. There have also been reports of such occurrences in the U.K. 
(Rogers et st., 1995). 
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The physical properties of lee waves depend on the intervening mountain barrier, stability of 
the atmosphere and characteristics of the impinging airstream. Stationary waves occurring 
downstream of ridges are shown to be trapped lee waves (Smith 1979). 

Theory of Trapped Lee Waves 

There are a number of reviews on mountain lee waves (Holton 1992 and Smith 1979). In 
this section, only the major theoretical results relevant to the present analysis will be discussed. 
Detailed mathematical derivations of these results can be found in the above reviews.. 

Consider an airstream flowing nearly perpendicularly across a long, isolated ridge throughout a 
considerable depth. The atmosphere is assumed to be stably stratified at least in the region 
disturbed by the ridge. In the linear gravity wave theory, the ridge is assumed to induce small 
perturbations in the airstream about a basic state at rest. Moreover, horizontal length scales of 
the systems, namely the width of the ridge and the wavelength of the lee waves, are in the 
range of 100 m to 50 km, that is, small compared with the radius of the Earth so that Coriolis 
forces are negligible. Using Boussinesq approximation, the vertical velocity field, JY, of the 
airstream satisfies: 

iJ2 w iJ2 w N 2 
--2 + --2- + --=2 w = O. J1) 
iJx iJz u 

Here x is the horizontal direction across the ridge, y parallel to the ridge, and z the vertical 
direction. The parameter ii refers to the mean horizontal velocity of the airstream impinging 

on the ridge. N denotes the Brunt - Vaisala frequency, namely, N = .f(g / 9)(iJ9 / m) , 

where g is the acceleration due to gravity and 9 the potential temperature. Equation (1) 
refers to vertically propagating wave motions on the lee side of the ridge, commonly known as 
lee waves. 

If mean velocity of the airstream varies with height, the equation for vertical velocity field will 
be similar to ( 1) above, with coefficient of w in the last term on left hand side replaced by: 

(2)
 

I is called the Scorer parameter (Scorer, 1949). It plays the same role as N /ii in equation 
(1). If wavenumber of the lee wave is smaller than I, the natural frequency of the atmosphere 
is able to support the vertical oscillatory motion of the perturbed air parcels. Wave motions 
would then be sustained. On the contrary, if wavenumber of the lee wave is greater than I, the 
atmosphere no longer supports air parcel oscillations and wave motions will decay with height. 

Evaluation of the Scorer parameter as a function of altitude requires the input of the first 
derivative of potential temperature and the second derivative of mean airstream velocity with 
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height. In some calculations (Smith 1976) the latter is neglected by assuming that the second 
term in equation (2) should be much smaller in magnitude than the first term. This is 
equivalent to assuming that the mean airstream velocity is a linear function of altitude. 

Now suppose that in the region of airstream perturbed by the ridge, the Scorer parameter 
decreases with height. For a lee wave with wavenumber k in this range of decreasing I, wave 
motions will exist in the lower layer of the airstream while no wave motions can be observed in 
the upper layer. The vertically propagating lee waves in the lower layer are then I reflected 
downwards/ when encountering the boundary of lower and upper layers of the atmosphere, 
and the upward and downward waves superimpose on each other to result in a standing wave. 
Such standing waves are called trapped lee waves. Their static property explains why many 
natural lee wave phenomena can persist for a number of hours or even a few days. 

For a moist atmosphere, virtual potential temperature 9 v should be used instead of potential 

temperature in considering vertical motion of air parcels (Stull, 1991). By neglecting the 
second term in equation (2), the following formula is employed throughout this paper for 
evaluating the Scorer parameter: 

(3) 

In some calculations (Ajit Tyagl and Madan, 1989), the component of horizontal velocity of 
the airstream perpendicular to the ridge was adopted in equation (3). This gives more reliable 
estimation of the Scorer parameter provided that horizontal velocities in the upper air are 
measured under no orographic effects. 

Theoretical calculation of wavenumber and wavelength of trapped lee waves requires a good 
representation of the cross-sectional profile of the perturbation ridge. The resulting equations 
are in general not analytically solvable. However, the wavelengths may be approximated as 
follows. Assume that in the region of airstream perturbed by the ridge, the Scorer parameter 
drops from 'max to 'min. Then for trapped lee waves to occur, their wavenumber k must 
satisfy: 

lmsx > k > lmm- (4) 

The region from 'max to k corresponds to the upper layer of atmosphere in which wave 
motions are prohibited, while the region from k to 'min is the lower layer where lee waves are 
allowed. Since wavenumber k of a wave is related to its wavelength A by k = 2" / A, 
equation (4) gives the range of wavelength of the trapped lee wave: 

2" < A < 2" . (5) 
Imax Imin 
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The average of upper and lower bounds for wavelengths in equation (5) can be taken as a scale 
of the wavelength. 

The calculated wavelengths of trapped lee waves are then compared with the width scale of the 
ridge. According to Hunt's classification (Stull, 1991), when they are comparable in 
magnitude, there may be resonance in lee wave generation. Amplitude of trapped lee waves 
will be the largest and strong vertical circulation will be observed beneath the wave crests. 
However, Smith (1976) has shown that, although the classical theory presented here provides 
good approximation to the wavelengths, nonlinear effects play significant role in determining 
the wave amplitudes. In fact, when perturbation from the basic state in the airstream becomes 
large, the Iinearizaton process for deducing the wave equations will not be justified. 

Trapped Lee Waves over Lantau Island 

Lantauis a hilly island located to the southwest of Hong Kong. Figure 1 shows the area on the 
island which is more than half the maximum height of the ridge. This area of high ground 
extends roughly from southwest to .northeast and has a half-width of about 2 km. In the 
following analysis orientatio~ ofthe"'rTdi~ Istaken to be 40 degrees from the north. 

Figure 1	 Map of Lantau Island showing the location of the weather stations and the 
estimated half-width of the Lantau ridge. 

Legend 

Areas above half-height 
of mountains 

Approximate ridge 
direction 040/220 

D 

Cheung ChauAm..a",',,'« 
Meteorological Station ~ 
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Weather stations at Cheung Chau, Chek Lap Kok and Sha Lo Wan provided vital surface 
temperature, humidity and wind data for this investigation. Radiosonde data from the King's 
Park Meteorological Station were used to evaluate vertical variation of the Scorer parameter, 
humidity mixing ratio and virtual potential temperatures (Rogers and Yau, 1989). The first 
derivatives are calculated by using linear interpolations between the actual data points. 

Case Studies 

(a) Case I: Northerly Winds (28 November to 1 December 1982) 

The territory was under the influence of a prevailing northerly wind during the study period. 
Figure 2 illustrates that temperatures at Cheung Chau, down wind of the l.antau ridge, were 
higher than at Chek Lap Kok by as much as five degrees but at the same time relative 
humidities were lower by 10%. Figure 3 shows that winds at Cheung Chau were stronger by 
about three metres per second. Meteorological readings for Chek Lap Kok and Cheung Chau 
at some selected times are given in Figure 4. 

The observations described above are consistent with the Foehn model where the moist 
northerly airstream was mechanically uplifted across the Lantau ridge depositing much of its 
water content on the windward side. For example, on 28 November 22.8 and 6.2 millimetres 
were recorded at Chek Lap Kok and Cheung Chau respectively. As the airstream descended 
the lee towards Cheung Chau, it wanned up adiabatically and turned dry. This Foehn episode 
persisted for three days. 

Using equation (2), the Scorer parameter profiles were prepared from local upper-air ascents 
during the time period. Figure 5 shows the selected profile at 8 a.m. of 29 November and a 
peak can be observed below 1 km, slightly higher than the height of the Lantau ridge. From 
equation (5), the wavelength of the trapped wave was estimated to be about 1.9 km which was 
similar to the half-width of the Lantau ridge. These were factors favourable for the formation 
of trapped lee waves. Table 1 shows the time variation of the estimated wavelengths of 
trapped waves as deduced from the peak Scorer parameter values. 

From surface observations taken at Cheung Chau, it can be deduced that the Foehn ceased for 
a short while at around 2:00 p.rn. on 29 November before the temperatures and relative 
humidities differential recurred. The wavelength computed from the ascent at 8:00 p.m, on 
29 November was about 2.3 km. Peak values of the Scorerparameter were found between 
800 and 1,800 m. The phenomenon ceased at around noon of 1 December. 

Table 1 The calculated wavelength of trapped lee waves for different soundings in Case I. 

Sounding Calculated wavelength of trapped lee waves 
(km)Day Hour 

29 November 

30 November 

8:00 a.m. 
2:00 p.m, 

1.9 
2.3 

8:00 p.m. 
2:00 a.m. 

r---~~""=":":':
8:00a.m. 

2.3 

";';""-+----
1.8 
2.4 

2:00 p.m. 1.9 
8:00 p.m. 2.0 
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Figure 2 Case I: Time series of temperature and relative humidity at Cheung Chau and 
Chek Lap Kok from 28 November to 1 December 1982. 

Northerly wind: 28 November· 1 December 1982 
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Figure 3 Time series of 12-hourly mean wind speed for Case I. 

12 hourly mean wind speed: 28 November. 1 December 1982 
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Figure 4	 Observations at Chek Lap Kok and Cheung Chau in Case I. 
Times of observations are given at the top of each figure. 

9 a.m., 28 November 1982 

Temperature 21.7"C
 
Relative humidity 90·;'
 
Rainfall Omm
 

Temperature : 22.7"C 
Relative bumidity : 80% Cbeung Cbau 
Rainfall : 0 mm 

(a) 

Temperature : 23.l"C 
Relative bumidity : 82% Cbeung Chau 
Rainfall : 0 mm 

(b) 

Temperature : 19.TC 
Relative bumidity : 79% Cbeung Cbau 
Rainfall : 0.5 mm 

(c) 
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Figure 5 Score parameter profile at 8:00 a.m. on 29 November 1982. 

Vertical profile of [2: 8 a.m. 29 November 1982
 

Height 
(km) 

-10 o 10 20 30 40 50 60
 

(b) Case II: Northerly winds (7 to 14 January 1983) 

As in case I, a Foehn was again observed under a prevailing northerly airstream. Figure 6
 
shows that temperatures at Cheung Chau were four degrees higher and relative humidity 10
 
percent lower than at Chek lap Kok for most of the study period. Winds were generally
 
higher at Cheung Chau particularly at around midnight on 12 January (Figure 7). Selected
 
observations at Chek lap Kok and Cheung Chau are given in Figure B.
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Figure 6 Case II: Time series of temperature and relative humidity at Cheung Chau and 
Chek Lap Kok from 7 to 14 January 1983. 

INortherlY wind: 7 -14 January 19831 
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Figure 7 Time series of l2-hourly mean wind speed for Case II. 

12 hourly mean wind speed: 7 - 14 January 1983
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---------

Temperature 

Figure 8 Observations at Chek Lap Kok and Cheung Chau in Case II. 
Times of observations are given at the top of each figure. 

noon, 7 January 1983 

Temperature : 18.3·C <f3
Relative bumidlty : 90% Cb . P Kok 
KaWaU : 0 mm 

Temperature : 18.4·C
 
Relative bumidlty : 96";'
 
lUiafali : 0 mm
 

(a) 

Temperatun: : 17.TC 
Relative bumidity : 73% Cbeuag Cbau 
RaiaraU : 0 mm 

(b) 

Temperature : 14.1"C 
Relative bumldity : 71". CbeUD& Cbau 
KaiaraU : 0 mm 

(c) 

: USC 
Relative bumidity : 61 % Cbeuag Cbu 
KalafaU : 0 mm 

(d) 

Figure 9 shows the Scorer parameter profile at 8 p.m. on 12 January when peak values were 
noted between 600 and 900 m. The estimated wavelength of the trapped lee waves was 
around 1.5 km. This wavelength was about one-forth smaller than the half-width of the Lantau 
ridge, but it was still favourable for the formation of trapped waves. 
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Figure 9 Score parameter profile at 8:00 p.m. on 12 January 1983. 
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(c) Case HI: Southeasterly wind (17 to 20 February t 995)
 

The weather station at Chek Lap Kok was closed down in mid-1 991 due to airport construction
 
and observations commenced at a new station at Sha Lo Wan on north Lantau Island in early 
1993. 
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Figure 10	 Case III: Time series of temperature and relative humidity at Sha Lo Wan and 
Cheung Chau from 17 to 20 February 1995. 

IEasterly wind:	 17 - 20 February 19951 
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Figure 11	 Time series of 12-hourly mean wind speed for Case III. 

12 hourly mean wind speed: 17 - 20 February 1995 
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Figure 12	 Observations at Cheung Chau and Sha La Wan in Case III. 
Times of observations are given at the top of each figure. 

midnight, 17 February 1995 
Temperature : I4.9·C
 
Relative humidity : 73"1.
 
Rainfall : 0 mm
 

,Temperature : I4.4·C 
Relative humidity : 79% Cheung Chau 
RainfaU : 0 mm 

(a) 

noon, 17 February 1995 
Temperature : IS.erC
 
Relative humidity : 7S%
 
RainfaU : 0 mm
 

Temperature : I4.'C 
Relative humidity : 78% Cheung Chau 
RainfaU : 0 mm 

(b) 

midnight, 18 February 1995 
Temperature : I8.4·C
 
Relative humidity : 84%
 

. RalnfaU : 0 mm 

Temperature : IS.I·C 
Relative humidity : 92% 
Rainf.U : 0 mm 

(c) 
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Figure 13 Score parameter profile at 8:00 p.m. on 17 February 1983. 

Unlike the previous two cases, the Foehn effect was observed during this time period under a 
southeasterly airflow. In this case, Cheung Chau was located upwind of the ridge and hence a 
turnaround of the physical effects was observed. Figure 10 indeed show s higher temperatures 
and lower relative humidities at Sha Lo Wan than at Cheung Chau. Wind strength there also 
was generally higher as shown on Figure 11. The observed effects prevailed for nearly 18 
hours from midday of 17 February. Some typical observations at Sha Lo Wan and Cheung 
Chau on 17 February are given II] Figure 12. 

HKMetS Bulletin Vol 6, No. 2, 1996 54 



Figure 13 shows the Scorer parameter profile at 8:00 p.m. on 17 February. A peak value was 
found between 600 and 800 m with a corresponding wavelength of about 2.5 km. The 
wavelength in this example was comparable with the half-width of the ridge. 

Conclusions 

The Foehn effect in association with trapped lee waves in the airflow over Lantau Island serves 
to explain the simultaneous increase of temperature and drop in relative humidity on the lee 
side of the island. This situation occurs when an airstream impinges almost perpendicularly on 
the ridge barrier under favourable atmospheric conditions. Although the wind direction down~ 

stream of the barrier remains similar to the prevailing airflow, a slight enhancement of the wind 
speed is observed due to shooting flow. 

In the cases studied, the Foehn phenomenon was depicted by in-situ ground measurements on 
either side of Lantau Island and the appearance of trapped waves supported by deductions 
from mathematical models. The computed Scorer parameter showed maximum values at 
around the ridge level. The derived lee wavelengths were very similar to the half-width of the 
ridge in most cases. 
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News and 
Announcements
 

This section is intended for dissemination of news and announcements by the Society or any of its 
members. Ifmembers wish to relay any news or make any announcement ofInterest to members which 
is related to the aims of the Society they should emai~ fax or mail such information to the Edltor-in
Chiefalong with their name(s) andmembership number(s). 

Eighth Hong Kong Meteorological Society Annual General Meeting 
and Thirteenth Research Forum 

The Eighth Annual General Meeting of the Hong Kong Meteorological Society will be held at 
the Royal Observatory Conference Hall on Saturday, 22 March, 1997. The Thirteenth 
Research Forum will also be held on the same day in conjunction with the Annual General 
Meeting of the Society. Further details of the Annual general Meeting and the Research Forum 
will be annnounced via the regular Newsletters as they become available. 

Health Impacts of Clinlate Change Update 

Some references that may be of interest: 

A.]. McMichael, A. Haines, R. Siooff, S. Kovats (eds). CLIMATE CHANGE AND HUMAN 
HEALTH. An Assessment Prepared by a Task Group on Behalf of the World Health 
Organization, World Meteorological Organization and the United Nations Environment 
Programme. World Health Organization, Geneva, 1996. (See information below.) 

S] Ghan, WT Pennell, KL Peterson, et al (Eds), Regional Impacts of Global Climate Change: 
Assessing Change and Response at the Scales That Matter, Battelle Press, Columbus, 1996. 
(Papers on Modelling Regional-Scale Climate; Policy Issues of Global Climate Change; 
Assessing the Implications of C1im'lte Change on Agriculture; Assessing the Effects of Climate 
Change on Water Resources; Technology, Energy, and Economics; The Health Effects of 
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Climate Change - Longstreth: Regional Issues in Human Health and Weifare, Curson: 
Vulnerability to Climate Change in Australla, Porter: The Impacts of Climate Change on 
Malaria, Beggs: The Case of Asthma; Climate Change and Nuclear Waste.) 

CLIMATE CHANGE AND HUMAN HEALTH 

An Assessment Prepared by a Task Group on Behalf of the World Health Organization, the 
World Meteorological Organization and the United Nations Environment Programme 
edited by A.J. McMichael, A. Haines, R. Siooff and S. Kovats 

"In destabilizing the world's climate and its dependent ecosystems, we are posing new and 
widespread risks -to human health." This book provides an expert scientific assessment of the 
impact that climate change might have on the health of the world's population. Addressed to 
policy-makers as well as researchers, the report adopts a cautious approach, using the best 
scientific studies to provide reasonable predictions and realistic recommendations for action. 
Throughout the report, the complexities of climate change, the limitations of current research 
methodologies, and the consequent uncertainty of future predictions are repeatedly 
emphasized. 

Three years in the making, the book reflects the consensus reached by an international group of 
eleven experts in areas ranging from computerized simulations of climate to the behaviour of 
disease vectors in different ecological systems. A further 45 experts contributed to the report 
or reviewed relevant sections. Close to 700 references to the literature are included in this 
thoroughly researched and carefully argued report. The report, which has ten chapters, first 
summarizes the state of knowledge and the prevailing expert views about anthropogenlcally
induced climate change and then takes these as the basis for assessing potential health 
consequences. 

The health consequences of three major components of climate change are examined in detail: 
changes in temperature and precipitation, changes in the frequency of heatwaves and other 
extreme weather events, and a rise in sea level. The potential human health consequences of 
increased ultraviolet radiation resulting from stratospheric ozone depletion - although not a 
component of climate change - are also discussed. To assist researchers in this controversial 
field, additional chapters discuss the challenge that investigations of climate change pose to 
orthodox science, and trace progress, over the past five years, in the science of climate 
modelling and predictions of the consequences for human health. The report concludes with a 
discussion of the many immediate and long-term strategies that policy-makers can select, 
supported by a clear call for action: if adverse health consequences are likely to result from 
climate change, we cannot wait until definitive empirical evidence becomes available; such a 
"wait-and-see" approach would be imprudent at best and nonsensical at worst. 

About the report. Work on the report began in 1993 following receipt of a grant from the 
United States Environmental Protection Agency. Further financial resources were obtained from 
the government of the Netherlands and the three participating LIN agencies (WHO, WMO, 
and UNEP, with WHO designated the coordinating agency). An international task group of 
experts was formed under the direction ,of A.J. McMichael, and met three times In two years. 
The views expressed in the report reflect the consensus reached by this Task Group and do not 
necessarily rel1ect the policies of the participating agencies. 

Climate Change and Human Health 
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Some key statements from the report. 

The concern. The extent and nature of our industrial and agricultural activities are now so 
great that the gaseous composition of the lower and middle atmospheres (the troposphere and 
the stratosphere) has begun to change. This is likely to affect the world's climate, many other of 
the world's natural systems, ground-level exposure to ultraviolet radiation, and indeed, all life 
on earth.. Climatologists predict that, due to the accumulation of greenhouse gases such as 
CO2, the climate will change at a rate much greater than human societies have experienced 
since the advent - approximately 10,000 years ago - of agriculture and settled living. Recent 
increases in temperature and changes in climate variability in numerous parts of the world are 
regarded by many scientists as the first signals of global climate change caused by human 
activities. During the past century, Earth's global mean surface temperature has increased by 
about 0.3-0.6 0c. Climate simulations, using the most advanced computer models, Indicate 
that global mean surface temperature may have increased by 1-3 °C by the year 2100. These 
models also predict changes in precipitation patterns, indliding a greater frequency of heavy 
precipitation and a corresponding increase in floods. Global mean sea level is predicted to rise 
by between 0.2 meters and 1.0 meter by the year 2100, and would be expected to continue 
to rise for several centuries even if greenhouse gas levels were to be stabilized. The current 
II best estimate" predicts a rate of rise in sea level that is two to three times greater than that 
experienced during the past 100 years. Various man-made gases (particularly the halocarbons 
and N20) have reduced stratospheric ozone levels, especially at higher latitudes. As a reSUlt, a 
greater proportion of solar ultraviolet radiation now reaches Earth's surface. Damage to 
stratospheric ozone continues, and the rate of overall ozone depletion has risen during the 
1990s. 

The health consequences. In destabilizing the world's climate system and its dependent 
ecosystems, we are posing new and widespread risks to the health of human populations. While 
most of our current environmental health problems occur on a local or regional level, many of 
the anticipated health effects of climate change would affect large populations in many regions. 
The most direct health effects would be those caused by heatwaves, storms, and floods. These 
may increase in frequency and intensity as mean temperature and precipitation rise. However, 
the regional pattern of increases in these extreme events remains difficult to predict with 
existing climate models. Stressful hot weather episodes are a known cause of short-tenn 
mortality excesses. An increase in the frequency and severity of heatwaves would obviously 
exacerbate such excesses. The extent to which increases in heat-related deaths would be offset 
by a reduction in cold-related deaths is unresolved. On balance, evidence suggests that increases 
in "acute" mortality in response to more frequent hot weather episodes would outweigh 
decreases in winter-related mortality. Current models indicate that, by around 2050, many 
major cities around the world could be experiencing up to several thousand extra heat-related 
deaths annually, independent of any increases due to population growth. Climate change would 
exacerbate the production of some types of air pollutants and thus increase the incidence of 
associated health effects, such as cardiovascular and respiratory disorders. A warmer and wetter· 
climate in some regions could also result in higher airborne concentrations of various pollens 
and spores with likely effects on allergic disorders, such as hay fever and possibly asthma. 

Climate change is also likely to bring about major regional shifts in rainfall patterns and, with 
them, increased frequency or severity of droughts, floods, and bushfires. In drought-prone 
regions, droughts could become longer lasting and more severe. Climate change would tend to 
alter the geographic distribution (altitude and latitude) of disease vectors and to affect the 
behaviour and seasonal activity of vectors and. parasites. These effects could amplify the 
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transmission of many vector-borne diseases in many parts of the world. In the next century, 
climate change is expected to increase the global incidence of malaria by 50-80 million 
additional cases each year. The proportion of the world population exposed to the potential 
transmission of malaria is expected to increase from the current 45% to around 60%. 
Increases in the incidence of non-vector-borne diseases, such as cholera, and other food-related 
and water-related infections, could also occur, particularly in tropical and sub-tropical regions, 
following changes in water distribution, temperature and the proliferation of microorganisms. 

The predicted rise in sea level would have several adverse effects, apart from population 
displacement and the loss of agricultural land. These effects include saltwater intrusion and 
contamination of water supplies, changes in the distribution of vector-borne diseases, and 
increases in death and injury due to flooding. Studies consistently predict that climate change 
will have significant regional impacts on agricultural yield. Some areas will gainj others will lose. 
Some mid-continental drying in temperate zones, such as the mid-west USA, southern. Europe 
and Ukraine, may occur, but the most negative effects are foreseen at lower latitudes, in poorer 
tropical and semitropical countries, especially those reliant upon rain-fed, non-irrigated 
agriculture. 

The responses of essential food crops to a change in climate will depend much on other 
ecological determinants such as soil erosion, saltwater intrusion or salinization, the balance 
between pests and predators, and increases in ultraviolet radiation levels. Additional adverse 
effects on health would result from the social-demographic disruptions caused by rising sea-level 
and from those caused by climate-related regional shortages in fresh water, food and other 
natural resources. Many health consequences would arise via disturbances of complex biotic 
and other natural systems, reflecting the fundamental link between the integrity of natural 
ecosystems and the long-term health of human populations. 

Stratospheric ozone depletion coincides with, but is separate from, troposphere-based climate 
change. Sustained depletion of ozone, resulting in increased exposure to ultraviolet radiation, 
would cause an increase in the incidence of skin cancer. It may also increase the incidence of 
ocular lesions, such as cataracts, and possibly cause weakening of the immune system, with a 
corresponding increased susceptibility to infections and altered responsiveness to vaccinations. 

Human populations and communities vary markedly in their vulnerability to climatic change and 
in the resources available to them for protection and mitigation. Many of the anticipated 
consequences would be greatest in the world's poor and disadvantaged populations. While there 
can as yet be no certainty in forecasts of the future health effects of climate change, the role of 
science in this context must be to assist adoption of precautionary policies that balance current 
social needs against serious future risks. 

The response. A hierarchy of control options exists to help protect population health from the 
adverse effects of climate change. At the population level, priority should be given to adaptive 
measures that are not energy-intensive and do not damage health or the environment. Examples 
include the planting of trees within cities to reduce the urban heat island effect, the scheduling 
of outdoor work to avoid peak daytime temperatures, the development of climate-adjusted 
plant species through genetic engineering, and the adoption of land-use planning to minimize 
erosion, flash-flooding, poor siting of residential areas, and deforestation. Such adaptive, 
"antidotal" measures offer varying, often limited amounts of health protection, and may be 
temporizing measures only. 
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In light of these shortcomings, the primary immediate precaution is prevention: populations 
everywhere must reduce greenhouse gas emissions. Preventive measures in poor nations will be 
more feasible and acceptable if they also help meet pre-existing needs. For example, the 
development, and large-scale introduction of a low-cost, solar-energy cooking device in 
developing countries would help to reduce greenhouse gas emissions and deforestation rates, 
and reduce indoor air pollution levels. During the period 2025-2100/ about one-quarter of the 
global increase in CO2 emissions is expected to arise from population growth. International 
transfer of resources to the developing world to help curb population growth may be as 
beneficial as that intended to counter deforestation. Currently, only 1% of international donor 
aid is spent on family planning .Some studies suggest that a modest increase to 2-3% would 
suffice to make family planning accessible worldwide by around the year 2000. A number of 
industrialized countries have far exceeded the capacity of their own territory to feed and 
support their population and thus rely on extensive imports purchased on the international 
market. Industrialized nations must show a commitment to reducing their consumption 
patterns, partic;ularly by a shift to alternative energy sources. 

Research and policy needs. Integrated interdisciplinary research, and the development of 
validated predictive models to enable us to foresee likely impacts, are urgently needed. This 
enhanced research effort must be accompanied by precautionary measures to abate the process 
of climate change. Effective preventive strategies to reduce the health hazards of climate 
change cannot be piecemeal. Policy responses must be made across many sectors, including 
industry, transportation, forestry, and agriculture. Strategies must include industrial emissions 
control, energy conservation measures, land-use policies to maximize CO2 sinks, and 
population policies to minimize energy demand and destruction of natural CO2 sinks. Attempts 
to reduce greenhouse gas emissions are likely to fail if the world's natural CO2 sinks continue to 
be depleted by deforestation. 

Policy decisions in relation to climate change will need to be taken on the basis of reasonable 
and prudent anticipation rather than demonstrable consequences. Precautionary measures 
aimed at reducing greenhouse warming will have many beneficial immediate effects on 
public health. For example, controlling air pollution and population growth would reduce stress 
- in the form>of acid precipitation and excessive demand - on water resources .Such short-term 
health gains weigh favourably In the policy debate, which must consider potentially irrevocable 
longer-term health consequences simultaneously with vast uncertainties. 

Today's industrialized nations emerged economically at a time when environmental integrity 
and human health were not recognized as being linked to the sustainability of natural resources. 
But although the adverse consequences of environmentally insensitive economic growth are now 
understood, wealthy countries cannot expect poorer nations to unilaterally forego the short
term profits to be obtained from use of their natural resources. Economically sustainable 
development will only be possible if environmentally sound technology is transferred from 
industrialized to developing countries. If less energy-intensive, affordable technologies are 
promoted and transferred to developing countries, pollutant emissions will be reduced and the 
global community as a whole will benefit. If not, poorer nations will have no financial incentives 
to refrain from using cheap energy-inefficient technology or from harvesting their natural 
resources. 

If adverse population health consequences are likely to result from climate change, we do not 
have the usual option of seeking definitive empirical evidence before acting. When the 
environmental health hazards arise from ecologically disruptive and potentially irreversible 
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global envIronmental processes, such a "wait-and-see" approach would be imprudent at best 
and nonsensical at worst. 

Climate Change and Human Health edited by A.]. McMichael, A. Haines, R. Siooffand S. 
Kovats 
World Health Organization 1996/ xvi + 305 pages WHO/EHG/96.7; order no. 1930091 
Sw.fr. 30.-/US $27.00 In developing countries: Sw.fr. 21.
For technical questions: Tel. + 41 22 791 3580; fax + 41 22 4123 

Earth Interactions - Call for Papers 

Earth Interactions Journal 

Earth Interactions, an electronic journal jointly sponsored by the American Meteorological 
Society (AMS), the American Geophysical Union (AGU), and the Association of American 
Geographers (AAG), with support from NASA's Mission to Planet Earth, is soliciting papers 
for publication. Within this framework, the journal particularly encourages submissions that deal 
with interactions between the Iithosphere, hydrosphere, atmosphere, and biosphere in the 
context of global issues or global change. 

Submissions introducing observational or modeled data sets that may be useful in the study of 
Earth system science and that include both a description of the algorithms and/or processing 
techniques used and a brief, representative sample of the information in the dataset are also 
appropriate. All submissions will be peer reviewed. The electronic medium in which the Journal 
is published provides unique opportunities for data presentation, animation, and interaction, 
including "live math." Authors should strive to take maximum advantage of the capabilities of 
the electronic medium, but any electronic manuscript that deals with the subject areas of the 
journal will be considered for publication. 

Eric ].Barron is Editor-in-Chief of Earth Interactions. Technical support is provided by NASA's 
Goddard Distributed Active Archive Center (GSFC DAAC). Researchers involved in the broad 
areas covered by Earth Interactions are urged to consider this unique opportunity for presenting 
their results. Submissions can be made via the Internet at the following address: 
http://Earthlnteractions.org!. Additional information is available from the GSFC DAAC at 
301-286-5170 or millin@eosdata.gsfc.nasa.gov. 

TOPEX/Poseidon Sea-Level Measurements to be Revised 

Organization: Jet Propulsion Laboratory 

Douglas Isbell Mary Hardin 
Headquarters, Washington, DC Jet Propulsion Laboratory, Pasadena, CA 
(Phone: 202/358-1753) (Phone: 818/354-5011) 

RELEASE: 96-148 July 25, 1996 

TOPEX/POSEIDON SEA-LEVEL MEASUREMENTS TO BE REVISED 

Measurements of global sea-level rise from a U.S. instrument in space likely will be revised
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downward because, of a recently discovered error in the data-processing software, mission 
scientists said. Initial indications are that sea-level measurements from the U.S. altimeter aboard 
the U.S.-French TOPEX/POSEIDON satellite likely will agree more closely with Earth-based 
tide gauges, as well as with the French altimeter on the satellite. 

Preliminary findings from TOPEX/POSEIDON data, first announced in December 1994, 
indicated the Earth's sea surface had been rising about 0.12 inches annually for two years. 
Later, as more data were collected, the published estimate of sea-level rise was increased to 
more than 0.2 inches per year. 

Data collected from December 1992 to April 1996 have been updated and suggest that the 
new sea level rise estimate will be revised to 0.04 to 0.12 inches per year. Scientists have 
more confidence in the revised estimate because Earth-based tide gauge measurements now 
closely agree with the TOPEX/POSEIDON altimeters, said Dr. Gary Mitchum, a mission 
scientist at the University of South Florida in Tampa. 

"It is important to note that this processing error does not affect the success of the primary 
purpose of TOPEX/POSEIDON, which is to accurately describe global ocean circulation," said 
William Townsend, Acting Associate Administrator for NASA's Office of Mission to Planet 
Earth. "TOPEX/POSEIDON has accomplished this task with significantly better-than-expected 
precision, and the satellite is now operating well beyond its three-year prime mission." 

Precise understanding of global ocean circulation is a key element of climate change research. 
TOPEX/POSEIDON has mapped this circulation· with an absolute accuracy of 1.8 inches, 
versus its design goal of 5.9 inches. The ability of TOPEX/POSEIDON data to enable 
researchers to track and monitor EI Nino, a warming of ocean waters in the Pacific Ocean that 
helps cause extreme weather events in the Americas, also is unaffected, Townsend added. 

The altimeter data-processing error, which incorrectly adjusted for the natural drift of the 
onboard oscillator that controls the satellite's clock, became noticeable only recently because of 
the extreme precision of the TOPEX/POSEIDON measurements. The small error accumulated 
with time. 

"Re-analysis of the TOPEX/POSEIDON altimeter data is ongoing," said Dr. Steve Nerem, a 
mission scientist now at the University of Texas at Austin. "In any case, it should be 
emphasized that the TOPEX/POSEIDON data record is not nearly long enough to 
unequivocally detect any global sea-level trends caused by climate change." Nevertheless, 
Nerem adds, "TOPEX/POSEIDON is providing us with the most precise measurements ever 
made of global mean sea-level change." The continuation of these measurements by a planned 
cooperative U.S.-French follow-on mission, called Jason-l, is essential to measure long-term 
trends in sea level and their relationship to climate change. 

The TOPEX/POSEIDON spaceborne altimeter bounces radar signals off the ocean's surface to 
get precise measurements of the distance between the satellite and the sea surface. These data 
are combined with measurements from other instruments that pinpoint the satellite's exact 
location in space. Every 10 days, scientists are able to produce a complete map of global 
ocean topography, the barely perceptible hills and valleys found on the sea surface. With 
detailed knowledge of ocean topography, scientists can then calculate the speed and direction 
of worldwide ocean currents. 
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TOPEX/POSElDON was launched in August 1992 aboard a French Ariane 4 vehicle from 
Kourou, French Guiana. The Jet Propulsion Laboratory, Pasadena, CA, manages the NASA 
portion of the mission for NASA's Office of Mission to Planet Earth, Washington, DC. 

CI ESIN Renl0te Sensing Guide Available 

Date: 25 July 1996 

The Consortium for International Earth Science Information Network (CI ESIN) is ph~ased to 
announce the availabilitY of its thematic guide on The Use of Satellite Remote Sensing to Study 
the Human Dimensions of Global Environmental Change. This is the latest in a collection of 
thematic guides to key issues in the area of human dimensions of global environmental change 
published by ClESIN. . 

The thematic guide on The Use of Satellite Remote Sensing to Study the Human Dimensions of 
Global Environmental Change can be reached at the universal resource locator (URL): 

http://www.ciesin:org/TG/RS/RS-home.html 

The purpose of this guide is to help you find selected key documents and data sets vital to 
understanding the use of satellite remote sensing to study the human dimensions of global 
environmental change. Satellite remote sensing technology and the science associated with 
evaluation of its data offer potentially valuable information for assisting human dimensions 
research studies. This guide contains an Overview and five subsections that offer in-depth 
information and on-line references for the following topics: 

* * Satellite Remote Sensing and Its Role in Global Change Research 
* * Uses of Satellite Image Data for Assisting Human Dimensions Studies of Global 

Environmental Change 
* * Satellite Sensors Useful for Human Dimensions Research 
* * Systems for Archiving, Managing, and Distributing Satellite Image Data 
* * Collections of Satellite Image Data Developed for Global Change Research with UtilitY for 

Human Dimensions Studies 

This service is provided by the Consortium for International Earth Science Information Network 
(CIESIN) under contract to the U.S. National Aeronautics and Space Administration (NASA) 
for the creation and operation of the Socioeconomic Data and Applications Center (SEDAC). 
SEDAC is one of the data centers in NASA's Earth Observing System Data and Information 
System (EOSDIS). SEDAC's mission is to develop and deliver information products and 
services that integrate social and natural science data in ways useful for decision making. 

For additional information about this thematic guide, SEDAC, or CI ESIN, contact User Services 
at ciesin.info@ciesin.org or call (517)797-2727 between 8 a.m. and 5 p.m., EST, Monday 
through Friday. 

Climate and Health Proceedings Available 

Earlier this month, the National Academy of Sciences (Washington, DC) published a summary 
of the proceedings from the Conference on Human Health and Global Climate Change that 
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was held last fall in Washington, DC. The report includes abstracts of all the papers presented at
 
the conference, but focuses primarily on the results and recommendations arising from the
 
panel discussions. "The general agreement that emerged during the conference was that changes
 
in the global climate could pose significant risks to human health," the report states. These risks
 
are categorized into in fectious diseases, direct effects on health (e.g., heat stress), and Indirect
 
effects on health (e.g., food and water quality and availability). To address these potential
 
risks, the panels came up with a number of recommendations, including: the creation of a
 
global surveillance and response network; increased coordination among nations and scientific
 
disciplines; multidisciplinary research on the links between global climate change and human
 
health; improved environmental health training for health professionals; and an outreach
 

program to inform and educate the public about the effects of global climate change on human
 
health. The report outlines strategies to accomplish these recommendations, and notes that
 
given current fiscal constraints, "these efforts must be based on identifying and linking together
 
existing activities, facilities, organizations, and funding agencies. "The report is available from
 
the Division of Health Sciences Policy, Institute of Medicine, 2101 Constitution Avenue NW,
 
Washington, DC 20418, USA.
 

ElWin Jackson,
 
Greenpeace Australia, PO Box 800, Surry Hills, 2010, Australia.
 
Ph (wk): +61 (0) 2 211 4066 E-mail: eIWinj@peg.apc.org URL: www.greenpeace.org
 

Redesigned U.S. GCRIO Homepage 

Date: 3 1 July 1996 
Organization: University of Michigan 

The U.S. Global Change Research Information Office (GCRIO) Home Page has been 
redesigned at http://www.gcrio.org We have streamlined and reorganized our web space to 
make it easier for you to retrieve global change and environmental information. Among the 
improvements are: 

* *	 Information on the role of participating Federal agencies and organizations in the U.S. 
Global Change Research Program (USGCRP), and the Global Change Data and 
Information System (GCDIS) has been added; 

* *	 The On-line Document Request form lets you order a number of free publications; 

* *	 The Aspen Global Change Institute Home Page and the U.S. Country Studies Program 
Home Page, both hosted by the GCRIO, are accessible from our home page; 

* *	 A Frequently Asked Questions (FAQ) page has been added, and; 

* *	 The Educational Resources section has been expanded with the addition of Earth Rise and 
other links. 

Joe Schumacher	 PH: 517-797-2730 
U.S. Global Change Research Information Office FX: 517-797-2622 
2250 Pierce Rd. University Center MI 48710 http://www.gcrio.org 
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Surface Ultraviolet Radiation Levels
 
have Increased from 1979 to 1992
 

Douglas Isbell Allen Kenitzer 
Headquarters, Washington, DC Goddard Space Flight Center, Greenbelt, MD 
(Phone: 202/358-1753) (Phone: 301/286-8955) 

RELEASE: 96-153 August I, I 996 

Solar ultraviolet radiation reaching the Earth's surface has increased over large regions of the 
planet during the past 15 years, as the amount of total ozone in the atmosphere has decreased, 
according to a scientific paper published in the August 1 issue of Geophysical Research Letters. 
Scientists and others have a keen interest in ozone depletion, given that the increased amounts 
of ultraviolet radiation that reach the Earth's surface because of the ozone loss, have the 
potential to increase the incidence of skin cancer and cataracts in humans, cause harm to some 
food crops, and interfere with marine life. Ozone, a molecule made up of three atoms of 
oxygen, is found in the atmosphere between the ground and about 37 miles in altitude. Ozone 
absorbs ultraviolet radiation from the Sun and shields life on Earth from its harmful effects. 
Because the risks of further increases in ultraviolet radiation are serious, scientists around the 
world are working to improve our current understanding of how much of the ozone-related 
change in the atmosphere is caused by humans and how much is attributable to natural 
processes, such as shifts in atmospheric dynamics, variable volcanic activity or long-term cyclical 
changes in solar radiation. 

The finding, derived from extensive analysis of data from the Total Ozone Mapping 
Spectrometer (TOMS) instrument flown aboard NASA's Nimbus-]satellite, is based on the 
known relationship between atmospheric ozone depletion and the resulting decrease in 
protection from ultraviolet radiation (UV-B, 290 nanometers to 320 nanometers). The 
accuracy of the TOMS-derived surface UV-B values has been validated by comparison with 
several ground-based spectrometers in Canada, New Zealand, and South America. "The 
increases are largest in the middle and high latitudes, where most people live, and where the 
majority of the world's agricultural activity occurs," said Dr. Jay R. Herman, an atmospheric 
scientist at NASA's Goddard Space Flight Center, Greenbelt, MD, and the lead author of the 
paper, "UV-B increases (1979-1992) from decreases in total ozone." 

In the paper, Herman finds that annual average UV-B exposure has increased by 6.8 percent 
per decade at 55 degrees north latitude, where major populations in countries such as England, 
Germany, Russia and Scandinavia reside. At 55 degrees south latitude, which includes the 
southern portions of Argentina and Chile, the increase has been 9.9 percent per decade. In 
North America, the changes are smaller since most of the population lives below 55 degrees. 
The UV-B changes for regions near the Canadian border show about a 4 percent increase per 
decade. "This confirmation that we can use a space-based sensor like TOMS to measure long
term global surface ultraviolet radiation levels represents a very powerful new tool for Earth 
scientists and others to use both now and in the future," said Dr. Robert Harriss, director of the 
science division of NASA's Office of Mission to Planet Earth, Washington, DC. 

Studies have shown that ozone depletion is caused by complex, coupled chemical reactions. 
Emissions of human-manufactured chlorofluorocarbons (CFCs), which break down into ozone
depleting forms of chlorine, have led to reduced levels of atmospheric ozone. If unchecked, 
the continued build-up of CFCs, historically used in refrigeration, electronics, and insulating 
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materials. could lead to additional ozone loss worldwide. However, international agreements 
signed in recent years have led to sharply reduced usage of CFCs, which should lead to the slow 
recovery of the ozone layer. Already there are initial indications that the reduced CFC usage 
is effective in slowing the build-up of tropospheric chlorine. 

During its lifetime on the Nimbus-7 satellite, the TOMS helped make "ozone" a household 
word through its false-color images of the Antarctic "ozone hole," which forms from 
September through November each year. The NASA-developed instrument, which measures 
ozone indirectly by monitoring ultraviole.t Iightscattered by the atmosphere, produces daily 
maps of the global distribution of ozone in Earth's atmosphere and of the surface UV. Another 
Total Ozone Mapping Spectrometer was launched on July 2, 1996, aboard a dedicated NASA 
Earth Probe satellite called TOMS/EP. To ensure that such global ozone data will be available 
throughout the next decade, NASA plans to continue the TOMS program using both U.S. and 
international spacecraft. Japan's Advanced Earth Observing Satellite will carry a TOMS into 
orbit during its scheduled launch on August 16, and a fifth TOMS instrument is being prepared 
for flight in 2000 aboard a Russian spacecraft. TOMS is part of NASA's Mission to Planet 
Earth, a long-term, coordinated research effort to study the Earth as. a global system. The 
TOMS instruments are managed by Goddard for the Office of Mission to Planet Earth. 

ElWin Jackson, Greenpeace Australia, PO Box 800, Surry Hills, 2010, Australia. 
Ph (wk): +61 (0)2 9211 4066 Pager: +61 (0) 16281 537 
Ph (hm): +61 (0)2 9389 5550 Fx: +61 (0)2 9211 4123 
E-mail: elWinj@peg.apc.org URL: www.greenpeace.org 

National Climatic Data Center On Line News 

Date: 2 August 1996 

Following is a brief update of NCDC's on line products and services, showing recent additions. 
Our homepage address is: http;//www.nC:dc.noaa.gov. and all of the following items can be 
accessed there through the 'on line data access' or 'products, publications, and services' button. 
Each item described below also has its specific address listed for quick access. 

Thanks to input from users, we've just corrected 'link' problems which some users were having 
with certain html pages. So.. .if you've had trouble in the past, give it another try. If you have 
any problems, send email to nlott@ncdc.noaa.gov, and we'll try to correct it. When 
downloading larger files, most web browsers (e.g. Netscape) allow you to click on the right 
mouse button to do a quicker download directly to your hard drive. 

Ito Links to Weather/Climate Data and Images; A new WWW page with links to numerous 
other sources of real-time weather data, climate data, radar and satellite images, severe weather 
information, agriculture-related data, solar data, topography/ elevation data, etc. 
Address; http;//www.ncdc.noaa.gov/weathers.html 

Ito NCDC Products and Services Guide; Updated with more information on available 
datasets, products, and publications. 
Address; http;//www.ncdc.noaa.gov/homepg/prodpubser.html 

Ito For a paper copy by mail, email your request to 'orders@ncdc.noaa.gov' or call 
704-271-4800. 
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• 2 New Technical Reports: "1995 Atlantic Tropical Storms, Views from the NOAA 
Satellites" & "The Winter of '95-'96, A Season of Extremes" .- each containing a narrative 
section, data tables, and numerous images. 
Address: http://www.ncdc.noaa.gov/publications/techrptltechrpt.html 

These lengthy color reports can also be obtained by mail for a cost of $ 10 each (+ $5 
shipping/handling) from 'orders@ncdc.noaa.gov' or by calling 704-271-4800. 

• On Line Images: Updated with all 1996 hurricane images, many mpeg's, and
 
severalvolcanoes and fires. Over 200 1970-1995 satellite images are also available here.
 
Numerous satellite views of Hurricane Bertha and Typhoon Herb are among the recent
 
additions.
 
Address: http://www.ncdc.noaa.gov/pub/data/images/olimages.html
 

• Inventories: Several inventories added to this NCDC inventory/metadata page, including a
 
global surface data inventory for 1996.
 
Address: http://www.ncdc.noaa.gov/pub/data/inventories/inv.html
 

• New NEXRAD Page: A page devoted to NEXRAD products, including inventories of
 
available data by station, links to new software, etc.
 
Address: http://www.ncdc.noaa.gov/pub/data/nexrad/nexmain.html
 

• Full Period of Record U.S. Monthly Precipitation: Data for all of 1995 have been added to
 
this page, which provides - '
 
access to all NWS and cooperative stations' precip data (over 8000 active stations).
 
Address: http://www.ncdc.noaa.gov/coop-precip.html
 

• CLlMVIS New Capabilities: The climate visualization system provides various graphic
 
capabilities for U.S. divisional monthly data and U.S.lGlobal daily data (over 8000 stations,
 
about 4 weeks after end of 'data month'). Latest update to system provides contour/vector
 
plots of the U.S. daily data, and station-by-station download capability
 
for all datasets.
 
Address: http://www.ncdc.noaa.gov/onlineprod/droughtlxmgr.html
 

• Global Surface Summary of Day Data: Several new flies and capabilities added, including
 
interactive graphics and station-selection capability as described above (CLlMVIS), and special
 
severe weather event files.
 
Address: http://www.ncdc.noaa.gov/pub/data/globalsod/gsod.html
 

Neal Lou National Climatic Data Center 

Satellite Detects Warming Patterns and Diseases 

Because many sciemists _believe that global warming patterns may contribute to the faster spread 
of some illnesses, scientists are seeking innovative ways to fight the spread of disease. While 
satellite technology has been used since the 1970s to study mosquito habitats in the fight 
against malaria, only in the last three of four years has data collected from satellite sensors, or 
remote sensing, been used to aid scientists in producing more efficient control programs for a 
variety of diseases by analyzing surface conditions of the earth. 
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"The world is too big and too complex for us to manage and keep track of without remote 
sensing which gives us a global view of land cover on which humans and disease vectors rely 
on," said Timothy Foresman, director of the Spatial Analysis Laboratory at the University of 
Maryland. According to Harvard University epidemiologist Paul Epstein, remote sensing can 
help project future disease trends resulting from climate change. "The cost of not 
understanding present climate instability and likely changes in climate due to human activities 
may be enormous," Epsteinsaid.- ,~.-'- -.- . 

Data is currently being collected using remote sensing technology on sleeping sickness or human
 
African trypanosomiasis, a deadly disease transmitted by the bloodsucking tsetse fly that is a
 
daily threat to at least 55 million sub-Saharan Africans. National Aeronautics and Space
 
Administration (NASA) satellites also collect data on the color of plant plankton in oceans to
 
create color maps which help researchers more easily conduct testing of ocean waters for
 
cholera bacteria. Global warming patterns have been linked to the increase in harmful
 
plankton. Without remote sensing, "it would be time-consuming and difficult --if not Impossible
 
-- to map even small areas," explained Byron Wood, a senior researcher at NASA's Ames
 
Research Center in California.
 

According to Foresman, the approximately $1 million the federal government spends annually
 
on a NASA project, called Global Monitoring and Human Health Prediction, is not nearly
 
enough. "It would probably take an epidemic in the United States to bring this kind of
 
attention," Foresman said. "It takes a plane crash to wake people up to security measures."
 

Erwin Jackson, Greenpeace Australia,	 Pager: +61 (0)16281 537 
PO Box 800, Surry Hills, 2010, Australia. Fx: +61 (0)29211 4123/4145 
Ph	 (wk): + 61 (0)2 9211 4066 E-mail: erwinj@peg.apc.org 
Ph	 (hm): +61 (0)29305112 URL: www.greenpeace.org 

The most complete synopsis available on ENSO 

EI Nino Southern Oscillation & Climatic Variability 
by Rob Allan, Janette Lindesay and David Parker 

The most complete synopsis available of oceanic and atmospheric patterns during significant
 
historical and contemporary EI Nino Southern Oscillation (ENSO) events (EI Nino and La
 
Nina) .
 

. • A comprehensive historical overview 
•	 A synopsis of current theories and their development 
•	 Oceanic, atmospheric and hydrological variable responses to ENSO 
•	 ENSO Teleconnection patterns in historical records since 1871 
•	 Annotated maps of climatic events and fluctuations for the last 120 years 
•	 Global monthly gridded fields of mean sea level pressure and sea surface temperature
 

anomalies since 1871
 
•	 A CD-ROM with additional material is included 

The book begins with an overview set within an historical context followed by a synthesis of
 
developments in theories and dynamics that have generated the present modelling approaches
 
to forecasting the phenomenon. Recent appraisals of the apparent modulation of ENSO by low
 
frequency decadal-multidecadal fluctuations in the climate system are provided along with the
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implications that such relationships have for the stationary and propagational characteristics of 
ENSO patterns. The second half of the book provides composites illustrating the near-global 
physical impacts of ENSO phases, and brief descriptions of findings from the growing number 
of studies examining biological, chemical and ecological impacts. The extent of ENSO influence 
is illustrated by the record of physical climatic and hydrological impacts over the globe during 
individual historical EI Nino and· La Nina events. The book is completed by a time sequence 
showing simultaneous global MSLP and SST anomalies filtered in the 32-88 month band, and 
presented every fourth month from 1871 to 1994. 

The CD-ROM provides monthly MSLP and SST anomalies filtered to highlight both low- and 
higher-frequency variability from 1871 to 1994. 

Date:September/October 1996 CD-ROM: Mac/IBM Compatible 
Pages: 408 Size: 265 x 205 mm 
Illustrations: Colour Cover: Hardback 
Colour Maps: 280 ISBN: 0 643 058036 
Price: $110 (AUSD) 

To order please contact: CSJRO Publishing < sales@publish.csiro.au > 

An advert and e-mail ordering link for the new' EI Nino Southern
 
Oscillation and Climatic Variability' atlas/book~ by Rob Allan,
 
Janette Lindesay and David Parker can be found on the CSIRO DAR
 
WWW site. The address is as follows:
 

http://www.dar.csiro.au/pub/info/publications/allan.htm
 

Erwin Jackson, Greenpeace Australia, PO Box 800, Surry Hills, 2010, Australia. 
Ph (wk): +61 (0)2 9211 4066 Ph (hm): +61 (0)2 930 5112 
Pager: +61 (0)16281 537 Fx: +61 (0)29211 4123/4145 
E-mail: erwinj@peg.apc.org URL: www.greenpeace.org 

JPL Instrunlent Successfully Launched 
to Measure Ocean Winds 

PUBLIC INFORMATION OFFICE 
JET PROPULSION LABORATORY 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PASADENA, CALIFORNIA 91109. TELEPHONE (818) 354-5011 

http://www.jpl.nasa.gov Contact: Mary A. Hardin 

August 16, 1996 

Japan's Advanced Earth Observing Satellite (ADEOS) carrying a JPL instrument designed to 
measure global ocean surface winds was launched from Tanegashima Space Center in Japan at 
6:53 Pacific time tonight. 

Launched on a Japanese H-IJ rocket and destined for a 800- kilometer (497-mile) high circular 
orbit above the Earth, ADEOS is due to begin day-to-day science operations in November. 
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The JPL-built NASA Scatterometer will make 190,000 measurements per day of the speed 
and direction of winds within about 3 centimeters (1.5 inches) of the ocean surface. These 
winds directly affect the turbulent exchanges of heat, moisture and greenhouse gases between 
the atmosphere and the ocean. These air-sea exchanges, in turn, help determine regional 
weather patterns and shape global climate. 

NSCAT has been developed under NASA's strategic enterprise called Mission to Planet Earth, 
a comprehensive research effort to study Earth's land, oceans, atmosphere, ice and life as an 
interrelated system. JPL manages the NSCAT instrument for NASA. 

Conference: Climate and History: Past and Present Variability 
A Context for the Future 

Date: 11 September 1996 

The Second International Conference on Climate and History will be held at the University of 
East Anglia, Norwich, U.K., to mark the 25th Anniversary of the founding of the' Climatic 
Research Unit by Professor Hubert Lamb, from 7-11 September 1998. This will be a major 
interdisciplinary event covering: climate variability over the last millennia; human adjustments; 
context for the future. 

Contact: e-mail s.boland@uea.ac.uk; fax + 44 1603 507784. 

Two New GCRIO publications 

Date: 13 September 1996 

The US Global Ch;mge Research Information Office (GCRIO) is pleased to announce the 
availability of two new publications. 

Our Changing Planet FY 1997 (http://www.gcrio.org/ocp97/toc.html) is a report to Congress 
supplementing the President's FY97 budget, pursuant to the Global Change Research Act of 
1990. The report describes the structure of the program, its goals and objectives, the specific 
contributions of participating agencies, and the proposed budget for component elements of 
the program. Print copies of Our Changing Planet FY 1997 will be available soon. You may 
order your copy by using the GCRIO on-line request form at 

http://www.gcrio.org/OnLnDoc/docreq-form.html 

The CEN R Program Guide to Federally Funded Environment and Natural Resources R&D 
(http://www.gcrio.org/USGCRP/CENRIproguide96/toc.html). provides information on the 
types of research and development activities that are supported by Federal agencies in the area 
of environment and natural resources, the mechanisms used by agencies - to select R&D 
recipients of Federal R&D dollars, and potential funding opportunities. Print copies of the 
CENR Program Guide are being distributed by the CENR Secretary. Contact information is 
given in the above URL. 

Joe Schumacher U.S. Global Change Research Information Office, 2250 Pierce Rd.,
 
University Center MI48710 Ph: 517-797-2730 Fx: 517-797-2622 http://www.gcrio.org
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NASA Scatterometer Powered On Onboard ADEOS 

PUBLIC INFORMATION OFFICE 
JET PROPULSION LABORATORY 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
PASADENA, CALIF. 91109. TELEPHONE (818) 354-5011 
http://www.jpl.nasa.gov 

Contact: Mary Hardin 

FOR IMMEDIATE RELEASE 
September 13, 1996 

NASA SCATTEROMETER POWERED ON TO BEGIN COLLECTING DATA 

Engineers at NASA's Jet Propulsion Laboratory are receiving the first calibration data from the 
NASA Scatterometer (NSCAT) after the instrument was successfully powered on .Monday 
night. 

NSCAT, an instrument that measures the speed and direction of winds over the oceans, was 
launched August 16 by Japan's National Space Development Agency (NASDA) onboard its 
Advanced Earth Observing Satellite (ADEOS). Information from NSCAT will help scientists 
predict climate changes and improve weather forecasts, and will also help them understand 
ocean circulation and the role of air-sea interactions in the global ecosystem. 

"We'll spend the next few days assessing the instrument's health by cycling through several 
operational modes and checking out the engineering data," said Jim Graf, the NSCAT project 
manager at JPL. "The instrument will enter into a science observation mode on Monday, 
September 16. The first wind image should be available sometime in early October." 

NSCAT will provide an important new tool for weather forecasters to more accurately predict 
weather, particularly in coastal regions such as Southern California. "Winds over the oceans 
affect us in Los Angeles directly, because that's where most of our weather comes from," Graf 
said. 

NSCAT has been developed under NASA's strategic enterprise called Mission to Planet Earth, 
a comprehensive research effort to study Earth's land, oceans, atmosphere, ice and life as an 
interrelated system. JPL developed, built and manages the NSCAT instrument for NASA. The 
start of operations initiates a long-term cooperative investigation of Earth by the United States 
and Japan. 

Stratospheric Ozone and Human Health World Wide Web Site 

Date: 27 September 1996 

C1ESIN and its Socioeconomic Data and Applications Center (SEDAC) are pleased to announce 
the availability of the Stratospheric Ozone and Human Health World Wide Web (WWW) site. 
This is an on-line service that integrates NASA remote-sensing and atmospheric data on 
stratospheric ozone depletion and ultraviolet radiation with health-related data and information 
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to provide a multidisciplinary data resource for health officials, decision makers, government 
officials, researchers, and the general public. 

The Uniform Resource Locator (URL) for the Stratospheric Ozone and Human Health WWW 
site is: 

http://sedac.ciesin.orglozone 

The Stratospheric Ozone and Human Health WWW site has several components: 

* The Ultraviolet Interactive Service (UVIS) 

This service provides ultraviolet (UV) radiation climatology data for selected locations around 
the United States. Average hourly, daily, and monthly estimates of biologically effective doses 
from 1979-1990 are accessible through an interactive query engine that allows users to 
visualize data of interest. These data are derived using NASA satellite data and other 
geophysical input parameters in an atmospheric radiative transfer model. A description of the 
model used to develop this service is also provided. 

UVIS allows users such as epidemiologists to access detailed historical estimates of UV radiation 
exposure. These data can be useful for a variety of purposes, including the reconstruction of 
historical exposure patterns. It can help answer a range of questions such as: 

I 

- how much higher are exposure levels in Albuquerque compared with Seattle? 

- how many days in the summer of 1988 were exposure levels higher in Detroit 
as compared with Atlanta? 

- what was the estimated cumulative DNA-damaging exposure amount during the 
spring of 1990 in the Salt Lake City area? 

- what was the range in hourly exposure levels during the month of August 1980 
in Honolulu? 

* Searchable Bibliographic Database: 

This service provides a searchable index containing more than 3,000 citations of journal 
articles, conference presentations, books, and other periodicals on the topics of ozone 
depletion, UV radiation, and ecological and human health. Users may query the database 
through several search fields: text string, author, source, subject category, year, and title. Users 
can find results such as: 

- a list of publications by a particular author; 

- recent publications on possible links between UV exposure and skin cancer incidence; 

and 

- early efforts and studies on ecological impacts of UV exposure. 

* Human Health Data Resources: 
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This service provides a guide to statistical and epidemiological datasets and related resources 
from disease registries, surveys, and studies that provide information on human health effects 
related to UV exposure. It includes links to subnational as well as national and international data 
sources, disease registries, surveys, and epidemiological studies. Data sources accessible through 
this service include: 

- the New South Wales Cancer Registry; 

- State Cancer Registries in the United States; 

- the Surveillance, Epidemiology, and End Results (SEER) Cancer Statistics Review, 
1973-1991 ; 

and 

- the North American Association of Central Cancer Registries(NAACCR). 

* Related Internet Resources: 

This component of the Stratospheric Ozone and Human Health WWW site provides a guide to 
additional resources available via the Internet in the areas of ozone depletion, UV radiation, 
and human health. 

* Thematic Guide on Stratospheric Ozone Depletion and Global Environmental Change: 

CI ESIN 's Thematic Guide resource provides overview documents and full-text access to peer
reviewed publications related to stratospheric ozone depletion, potential impacts on human and 
ecosystem health, chlorofluorocarbons, and more. 

You will need a forms-capable WWW browser to take full advantage of this WWW site. 
Alternately, if you have telnet access to the Internet, you may telnet to infoserver.ciesin.org 
and log in as "lynx" to use a character-oriented WWW browser. 

For more information, please contact CI ESIN User Services bye-mail at ozone@ciesin.org or 
by telephone at 517/797-2727. 

This service is provided by the Consortium for International Earth Science Information Network 
(CIESIN) under contract to the U.S. National Aeronautics and Space Administration (NASA) 
for the development and operation of the Socioeconomic Data and Applications Center 
(SEDAC). SEDAC is one of the data centers in NASA's Earth Observing System Data and 
Information System (EOSDIS). SEDAC's mission is to develop and deliver information products 
and services that integrate social and natural science data in ways useful for decision making. 

CI ESIN is a registered trademark of the Consortium for International Earth Science Information 
Network. 

First W.ind Data From Scatterometer Captures Pacific Typhoons 

Douglas Isbell Mary Hardin 
Headquarters, Washington, DC Jet Propulsion Laboratory, Pasadena, CA 
(Phone: 202/358-1753) (Phone: 818/354-5011) 
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Patricia Viets Hideo Hasegawa/Hiroyuki Ikenono 
NOAA/National Environmental Satellite, National Space Development Agency 
Daca, and Information Service, Suitland, MD of Japan, Tokyo 
(Phone: 3011457-5005) (Phone: 81-3-5470-4127) 

RELEASE: 96-1 98 October 3, 1996 

FIRST WIND DATA FROM SCATTEROMETER CAPTURES PACIFIC TYPHOONS 

The first images of winds over the oceans taken by the NASA Scatterometer (NSCAT) science 
instrument onboard Japan's Advanced Earth Observing Satellite (ADEOS) show two typhoons 
in the northwest Pacific Ocean as they were seen on September 20. 

Typhoon Violet eventually ran into the coast of Japan, killing several people and causing severe 
property damage. Typhoon Tom was observed in the open ocean east of Japan. The 
scatterometer measured winds in the storms at about 60 miles per hour. . 

"We are very pleased with the quality of these first images," said Jim Graf, NSCAT project 
manager at NASA's Jet Propulsion Laboratory (JPL), Pasadena, CA. "These images are typical 
of the operational data that will be generated using NSCAT and then made available to 
meteorologists all over the world. NSCAT will provide regular measurements of ocean surface 
wind speeds from space, which will enhance the ability of weather forecasters to predict the 
behavior of storms such as Typhoon Violet. In addition, Earth science researchers will use 
NSCAT data to better understand climate changes occurring on our planet." 

The scatterometer takes 190,000 wind measurements per day, mapping more than 90 percent 
of the world's ice-free oceans every two days. The instrument will provide more than 100 
times the amount of ocean wind information currently available from ship reports. Since the 
scatterometer is a radar instrument, it is capable of taking data day or night, regardless of 
sunlight or weather conditions. 

"This preliminary analysis of the first set of NSCAT data clearly demonstrates that the high 
resolution of the NSCAT instrument improves the monitoring of severe storms, such as 
typhoons. It also shows that the repeated global coverage provides a better description of 
atmospheric circulation over the oceans, which has not been adequately sampled in the past, 
and it contributes to a better understandng of air-sea interactions," said Dr. W. Timothy Liu, 
NSCAT project scientist at JPL. 

Information gathered by the scatterometer is being used by the National Weather Service, an 
office of the National Oceanic and Atmospheric Administration (NOAA), and the Japanese 
Meteorological Agency. NOAA processes the data from the scatterometer and distributes 
related products to researchers around the globe. The ocean surface wind measurements, used 
in numerical computer models, will help weather forecasters more accurately predict the path 
and intensity of hurricanes, winter storms and other weather systems that form over the oceans. 

ADEOS is an international global change research mission of the National Space Development 
Agency of Japan (NASDA), which includes instruments from the United States, Japan and 
France, with investigators from many other countries. The satellite is a key part of an 
international environmental research effort that includes NASA's Mission to Planet Earth 
(MTPE) program, a long-term, coordinated research effort to study the Earth as a global 
environmental system. The goal of MTPE is to develop a better scientific understanding of 
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natural environmental changes and to distinguish between natural and human-made changes and 
impacts. 

MTPE-related data, which NASA distributes to researchers worldwide, is essential to helping 
people make better informed decisions about the environment. NSCAT data will be distributed 
by NASA and NASDA. 

The Jet Propulsion Laboratory developed, built and manages the NSCAT instrument for 
NASA's Office of Mission to Planet Earth, Washington, DC. 

Perspectives on an Ocean Planet - an informational CD-ROM 

Date: 9 October 1996 
Organization: Jet Propulsion Laboratory - Pasadena CA 

The CD-ROM provides a comprehensive look at the TOPEX/Poseidon mission and spacecraft. 
The TOPEX/POSEIDON mission was designed to provide information about the changing 
topography of the world's oceans which in turn helps scientists to understand the ocean's role 
in the global climate. The TOPEX/POSEIDON spacecraft, launched in August 1992 and still 
operadonal as of March 1996 carries an altimeter which has allowed measurements of the 
ocean topography to be made. 

The CD-ROM contains over an hour of digital video, audio, images, and text captions which 
describe everything from the impetus for the mission to the science results obtained in the first 
three years. The CD is divided into the following seven sections: Mission History and 
Background, Mission Description, Spacecraft, How the Measurement System Works, Mission 
Operations, What We Have Learned, Science Data. 

The CD-ROM is designed for a general audience. It can also be also be used educationally for 
Grade 9 students and up. The software and data on the CD are formatted such that they can 
be accessed by Macintosh, PC, and other systems. For each of these platforms, the following 
minimum requirements should be met: 

* Macintosh- System 7.1, 68030 processor, 5MB free RAM, 256 color 640x480 pixel 
monitor, 2X CD-ROM drive-- QuickTime2.1 (included on CD) 

* PC- Windows 3.1, 80386 processor, 8MB free RAM, - 256 color 640x480 pixel monitor, 
2X CD-ROM drive, audio capabilitY, QuickTime for Windows (included on CD) 

* Other - WWW browser, 256 color 640x480 pixel monitor, 2X CD-ROM drive, audio 
capabilitY. 

It can be previewed and/or ordered from: http://podaac-www.jpl.nasa.gov/tecd.html,
 
or if you do not have a web browser, it can be ordered bye-mail (podaac@podaac.jpl.nasa.gov)
 
It is available free of charge.
 

European Ozone Research Unit - New Website 

Date: 2S October 1996 Organization: Cambridge University 
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This is to announce that the European Ozone Research Coordinating Unit (EORCU) now has a 
web site at : http://www.ozone-sec.ch.cam.ac.uk/eorcu/ 

The EORCU is funded by the European Community and the web site maintains information on 
European measurement campaigns to study the problem of ozone depletion in the northern 
hemisphere. 

All enquires should be directed to general@ozone-sec.ch.cam.ac.uk. 

1996 Antarctic Ozone Hole Below Record Average Size 

Organization: Jet Propulsion Laboratory 

Douglas Isbell Allen Keniuer 
Headquarters, Washington, DC Goddard Space Flight Center, Greenbelt, MD 
(Phone: 202/358-1753) (Phone: 301/286-8955) 

RELEASE: 96-21 7 25 October 1996 

1996 ANTARCTIC OZONE HOLE BELOW RECORD AVERAGE SIZE 

Two NASA instruments again have detected substantial depletion of ozone levels over 
Antarctica, commonly referred to as the Antarctic ozone hole. The average size of the 
Antarctic ozone hole during 1996 has been almost as large as in the peak year of 1993, 
although ozone values are higher than the record lows seen in September 1994, according to 
preliminary analysis of satellite data by scientists at NASA's Goddard Space Flight Center in 
Greenbelt, MD. During the current year, the ozone hole covered a surface area over the 
South Pole roughly equal in size to the North American continent. 

These data were recorded by two of NASA's Total Ozone Mapping Spectrometer instruments 
(TOMS) launched this year, one on board the NASA Earth Probe satellite and another on the 
Japanese Advanced Earth-Observing Satellite (ADEOS) satellite. Low ozone amounts over the 
Antarctic continent consistent with these TOMS data also have been validated by ground-based 
instruments and other satellite-based instruments. 

The average size of the ozone hole during this year was 8.3 million square miles, similar to 
observations in the last four years. The largest observed average size of the ozone hole was in 
1993, at 8.5 million square miles. 

The hole started to form in mid-August of this year and reached a one-day peak size on Sept. 
7, 1996, of about 10 million square miles, then quickly shrunk to values of less than 8.5 
million square miles. The previous largest one-day peak size hole was 9.4 million square-miles 
on Sept. 27, 1992. In comparison, the surface area of North America is 8.1 million square
miles while Antarctica has a surface area of 5.4 million square-miles. 

Since the mid-1980s, the region covered by low total ozone begins to grow each year in early 
August. This region reaches its maximum extent in September, while the lowest ozone values 
are typically seen in late September and early October. The ozone hole usually disappears by 
early December. The ozone hole in 1996 opened up slightly earlier than in previous years, but 
had begun to decrease in surface area below 7.7 million square-miles by Oct. 16, 1996. 

HKMetS Bulletin Vol 6, No.2, /996 76 

mailto:general@ozone-sec.ch.cam.ac.uk


"This ozone hole is very similar to those seen in recent years," said Dr. Paul Newman, research 
scientist in the Laboratory for Atmospheres at Goddard. "Although its area climbed briel1y 
over that of the previous peak, that is not as great a concern as the average size, because 
meteorological conditions can cause large day-to-day fluctuations. This is similar to winter 
temperatures, where one really cold day is not as important as the average temperature over 
the whole winter season." 

The ozone amounts measured by TOMSIADEOS and TOMSIEarth Probe dropped to 111 
Dobson units on Oct. 5 near the center of the Antarctic continent, with values below 220 
Dobson units measured over a wide area. Total ozone values less than 100 Dobson units were 
measured in both 1993 and 1994, with the record low value of 88 Dobson units measured on 
Sept. 28, 1994. 

Ozone, a molecule made up of three atoms of oxygen, comprises a thin layer of the 
atmosphere which absorbs harmful ultraviolet radiation from the Sun. A Dobson unit is related 
to the physical thickness of the ozone layer if it were brought to the Earth's surface. The global 
average ozone layer thickness is 300 Dobson units, which equals 1/8th of an inch, 
approximately the thickness of two stacked pennies. In contrast, the ozone layer thickness in 
the ozone hole is about 100 Dobson units (1125th of an inch), approximately the thickness of 
a single dime. 

Scientists at the South Pole from the National Oceanic and Atmospheric Administration 
(NOAA), working with balloon-borne measurements, have found low total ozone values similar 
to those seen in 1995. "However, in the central region of the ozone hole, from 7.5 to 12.5 
miles altitude, ozone depletion was more severe than in the past," said Dr. Dave Hofmann of 
the NOAA Climate Monitoring and Diagnostics Lab in Boulder, CO. The NOAA 
measurements showed that complete destruction of ozone at an altitude of 10 miles was 
observed over the period from Sept. 24 to Oct. 14. "Total ozone did not reach record lows 
because of unusually high ozone above the ozone hole at 15 miles which compensated for the 
low values in the ozone hole, n Hofmann said. 

"These deep and large ozone holes are likely to continue to form annually until the 
stratospheric chlorine amount drops to its pre-ozone hole values," said Dr. Richard Stolarski, 
also a research scientist at Goddard. "The slightly earlier ozone hole this year probably resulted 
from the continued increase of Antarctic stratospheric total chlorine levels." 

Since the discovery of the ozone hole in 1985, TOMS has been a key instrument for 
monitoring ozone levels throughout the southern hemisphere. The first TOMS aboard NASA's 
Nimbus-7 satellite measured Antarctic ozone levels from November 1978 to May 1993, and 
it helped make ozone a household word through pictures of the Antarctic ozone hole. It was 
followed by a TOMS sensor on a Russian satellite. 

TOMS data also provided part of the scientific underpinning for the Montreal Protocol, under 
which many of the world's nations have agreed to phase out the use of ozone-depleting 
chemicals. As a result of restrictions in the Montreal Protocol, chlorine levels have already 
peaked in the lower atmosphere, and should peak in the Antarctic stratosphere in about three 
to five years. 

The size and depth of the ozone hole, and global ozone levels, depend on meteorological 
conditions and on the amount of chlorine present in the atmosphere, and may be affected by 
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the presence of sulfate aerosols produced by volcanic eruptions. Scientists speculate that ozone 
values over Antarctica were low in 1993 and 1994 because of the enhanced presence of 
sulfuric acid aerosols in the stratosphere due to the June 1991 Mount Pinatubo eruption in the 
Philippines. 

TOMS-Earth Probe, launched in July of this year, is the third in the series of TOMS 
instruments. Operating from a 312-mile orbit, TOMS-Earth Probe is principally dedicated to 
collecting ozone and aerosol data in the lower atmosphere. The fourth TOMS instrument was 
launched in August aboard ADEOS into a 500-mile orbit. ADEOS is an international climate 
change research mission that includes instruments from the U.S., Japan, and France, with 
investigators from many countries around the world. 

Both TOMS-EP and ADEOS are key parts of a global environmental effort which includes 
NASA's Mission to Planet Earth, a long term, coordinated research effort to study the Earth as 
a global environmental system. 

TOMS ozone data and pictures are available to anyone with a computer connection to the 
Internet World Wide Web at: 

http://jwocky.gsfc.nasa.gov 

The TOMS instruments are managed by the Goddard Space Flight Center for NASA's Office 
of Mission to Planet Earth, Washington, DC. 

First International Conference on Fog and Fog Collection 

Date: 25 November 1996 

The First International Conference on Fog and Fog Collection will be held in Vancouver, British 
Columbia, Canada on 19-24 July 1998. It will focus on fog and c10udwater characteristics, 
interactions with and deposition to vegetation, and applications to development and water 
planning. 

Fog plays an important role in numerous diverse ecosystems. The First International 
Conference on Fog and Fog Collection is designed to raise the level of understanding in the role 
of fog (or cloud) in hydrological and ecosystem studies. It will also provide a focus for water 
planners and development agencies on fog or c10udwater collection as a sustainable, 
environmentally friendly, water supply to solve water problems in many countries. 

For further information contact First International Conference on Fog and Fog Collection, P.O. 
Box 81541,1057 Steeles Ave, West North York, Ontario, Canada, M2R 2Xl or visit the 
conference web site at 

http://www.dow.on.doe.ca/armp/Events.html. 

A/Prof Howard A. Bridgman 
Coordinator, Environmental Science, Department of Geography, 
University of Newcastle, 2308, NSW, Australia 
Telephone: 61-49-21-5093 Fax: 61-49-21-5877 
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EOSDIS Radiation Budget, Clouds, Aerosols and 
Tropospheric Chemistry Data 

Langley Distributed Active Archive (Langley DAAC)
 
Date: 26 November, 1996
 
WWW: http://eosdis.larc.nasa.gov/
 
e-mail: larc@eos.nasa.gov
 

The Langley Distributed Active Archive announces the availability of the FREE Earth Radiation 
Budget Experiment (ERBE) CD-ROM. The CD-ROM is IS09660 compliant allowing PCs, 
Macintoshes and Unix machines all to access it. The CD-ROM contains monthly scanner data 
and color images from scanning radiometers on the three ERBE satellites and for combined 
satellite cases. The data are provided in text format and the color images in GIF format. The 
data are averaged values on a 2.5 degree by 2.5 degree equal-angle grid. There is data for the 
period November 1984 to February 1990. Each data file contains clear-sky and all-sky values 
for shortwave radiation, longwave radiation, albedo and net radiation as well as longwave cloud 
forcing, shorwave cloud forcing and net cloud forcing. 

This CD-ROM may be ordered from the Langley Distributed Active Archive (Langley DAAC) 
home page at http://eosdis.larc.nasa.gov/ by following the "Access Data" link to the Order 
Form for CD-ROMs and Videocassettes. More information may be obtained from the Langley 
DAAC Science, User and Data Services Office at larc@eos.nasa.gov. 

TYPES OF DATA: 

The Langley Distributed Active Archive Center, located in Hampton, Virginia, is responsible 
for the archival and distribution of NASA science data in the areas of radiation budget, clouds, 
aerosols and tropospheric chemistry. The Langley DAAC will also archive some of the data sets 
which result from the EOS program and other elements of Mission to Planet Earth. Currently 
archived and available for distribution is data from the Earth's Radiation Budget Experiment 
(ERBE), the International Satellite Cloud Climatology Project (ISCCP), the Stratospheric 
Aerosol and Gas Experiment (SAGE), the Surface Radiation Budget (SRB), the First ISCCP 
Regional Experiment (FIRE), the Global Tropospheric Experiment (GTE) and the Stratospheric 
Aerosol Measurement (SAM) II. 

These data products are free of charge. 

OBTAIN~NG DATA 

By following the "Access Data" link on the Langley DAAC home page, users are presented 4 
methods for ordering Langley DAAC data. The Langley DAAC has developed an on-line 
computer system which allows users to logon, search through the DAAC's data inventory, 
choose desired data sets, and place an order. Data may be received either electronically (via 
FTP) or on media such as 4mm tape, 8mm tape, or CD-ROM (prepackaged data sets only). To 
access follow th€ "Langley DAAC Order System" link. 

For users without x-windows, the new Version 0 WWW Gateway is available. This gateway 
allows an user to use a WWW browser to search the EOSDIS holdings and order data. Follow 
the "Multi-DAAC Ordering System (VO IMS)" to the Version 0 WWW Gateway link. 
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Orders for prepackaged products available from the Langley DAAC may be placed through the 
order form for CD-ROMs and Videocassettes. This form is reached through the "Order Form 
for CD·ROMs and Videocassettes" link. 

The new ISCCP D products being archived at the Langley DAAC may be ordered from the 
Langley DAAC home page as well. Follow the link "Data Accessible from the Web." From this 
page, media and ftp orders for the rsccp D Products can be made. 

HOW TO CONTACT US 

For information regarding Langley DAAC data or to place an order, please contact: 

Langley DAAC Science, User and Data Support Office 
NASA Langley Research Center, Mail Stop 1570 
Hampton, VA 23681-0001 
Phone: (757) 864-8656 Fax: (757) 864-8807 Internet: larc@eos.nasa.gov 
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Bill Kyle 

Department ofGeography 8l Geology, The University ofHong Kong 
Pokfulam Roa~ Hong Kong (Email: billkyle@hkusua.hku.hk) 

Hong Kong Weather Reviews
 

Climatological information employed in the compilation of this section is derived mainly from 
published weather data of the Royal Observatory, Hong Kong and is used with the prior 
permission of the Director. 

Review ofSpring 1996 

Important Climatological Events 

Spring 1996 was cooler and wetter than normal overall although there was considerable 
variability on a month-by-month basis during the season. March was warmer and wetter than 
the 1961-90 average as a result of the dominance of mild easterly and southerly airstreams 
and the lack of cooler continental flows. Some of the rain was unusually heavy for spring 
with an active trough near the end of the month producing heavy downpours from an intense 
rainband. Both April and May were generally cooler than normal. Both months were also 
cloudier and this tended to keep temperatures down. April was also considerably wetter than 
usual with most of the month's precipitation coming during three particularly heavy rainfall 
episodes. The first of these was associated with a surge of the northeast monsoon, the second 
with an active trough of low pressure, and the third with an unstable maritime airstream. 
May, on the other hand had near normal rainfall, most of it arising from the presence of 
active troughs along the south China coast. 

Seasonal Statistics 

Mean daily maximum temperature 

Mean daily temperature 

Mean daily minimum temperature 

Rainfall (provisional) 
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March 

March 1996 was rather warmer than normal, the monthly mean temperature of 19.] °C being 
1.2 degrees above the normal figure. It was also rather wet with rain every day from 9 th till the 
end of the month although the monthly total, amounting to 83.1 mm, was only 16.2 mm 
above the average. Some of the rain was, however, unusually heavy for the time of year. The 
hourly rainfall recorded between 0800 and 0900 HKT on 29th reached 39.8 mm, the fourth 
highest value recorded for March. 

Fine weather was the main feature of the first week of the month. As winds became light and 
variable on ]th, coastal fog occurred on the early hours of the following day. An easterly surge 
of the winter monsoon arrived early on 9 th 

• Winds strengthened and the weather turned cloudy 
with light rain patches. A further replenishment brought northerly winds that evening and 
temperatures fell to 10.8 °C at the Royal Observatory the next morning, the lowest recorded 
for the month. It remained cool and overcast until 13 th 

• A warm southerly airstream replaced 
the northeasterly on the evening of 14th and persisted for the next four days. This had the 
effect of raising temperatures, which reached a value of 28.5 °C, the maximum temperature 
recorded for the month, on 1]th. Coastal fog occurred that evening but was quickly cleared by 
an easterly surge of the winter monsoon the next day. Temperatures fell rapidly from a 
maximum of 26.2 °C on the afternoon of 18 th to 16.4 °C on the morning of 19th 

• Almost 
continuous light rain fell for the following two days. Coastal fog returned on 20th and remained 
until 22nd 

• The eastern part of Victoria Harbour was particularly badly affected on the 
morning of 22nd when visibility at the Hong Kong International Airport fell to 400 m. Brighter 
weather returned to the territory on 24 th and 25 th with the arrival of a fresh easterly airstream. 
Winds moderated on 24th but freshened again from the east on 26 th 

• An active trough 
approached from the northwest on 29 th 

• Thunderstorms and heavy rain associated with an 
intense rainband swept across the territory that morning resulting in much flooding and 
disruption. A southerly airstream took over again on 30di" and the weather remained cloudy 
with some light rain patches until the end of the month. 

Monthly Statistics 

Extreme daily maximum temperature 28.5°( ( on 10th 
) 

Mean daily maximum temperature 22.2°( (0.9 O( above normal) 

Mean daily temperature 19.7°( ( 1.2 o( above normal) 

Mean daily minimum temperature 17.6°( ( 1. 1 o( above normal) 

Extreme daily minimum temperature 10.8°( ( on 17th 
) 

Total Rainfall (provisional) 83.1 mm (124 %) 

Number of Days with ~O. 1 mm rain 13 (2.93 above normal) 

Number of Days with ~25.0 mm rain (0.40 above normal) 

Number of Days with ~50.0 mm rain (0.73 above normal) 

HKMetS Bulletin Vol. 6, No.2, /996 82 



April
 

April was cooler than normal with the mean temperature of 20.4 °C being 1.8 degrees below 
average for the 1961-90 period. The minimum temperature of 10.9 °C posted on 3rd was 
the third lowest for April since records began in 1884. Three episodes of heavy rain 
contributed to most of the month's rainfall which amounted to 228.7 mm or some 67.2 mm 
above the normal amount. The Rainstorm Red Warning was issued for the first time in 1996 
on the last day of the month. 

The cloudy and rainy weather at the end of March continued into April. A surge of the 
northeast monsoon around midday on pI brought cooler conditions. Temperatures dropped 
over the next cwo days, reaching 10.9 DC, the minimum for the month, on the morning of 3rd. 
Heavy rain started that evening and lasted until the next afternoon. A total of 60.5 mm was 
recorded at the Royal Observatory during this event. Winds strengthened from the east in the 
early hours of 51h but as they moderated again on 61h there were some sunny periods. The 
weather turned cloudy again with periods of light rain on 81h which lasted until I1 1h when winds 
strengthened again from the east. Strong easterly winds persisted up to 131h while the weather 
remained generally cloudy for a further two days. There were long sunny periods on 161h but 
the weather then became misty as winds became light and turned more southerly. The 171h 

and 181h were thus generally cloudy and misty. An active trough of low pressure moved 
t 9 thsouthwards and crossed the south China coast on • This brought squally thunderstorms and 

heavy rain to the territory for the second time in April. The Royal Observatory recorded 
63.9 mm of rain that day. Flooding was reported in low-lying areas and one minor landslide 
occurred in Repulse Bay. The weather remained cloudy with light rain patches for the next two 
days. Under the influence of a drier airstream, the weather became fine and sunny on 22nd

• 

This fine weather prevailed until 281h when a maritime airstream brought more clouds. 
Temperatures rose during this fine spell, reaching 28.8 °C, the maximum for the month, on the 
afternoon of 291h 

• An area of heavy rain and thunderstorms moved across the territory again 
on the last day of the month. During this third heavy rain event of the month the Royal 
Observatory recorded 89 mm, more than half of the normal monthly total for April. There 
were 14 reports of flooding in Kowloon and the New Territories. 

Monthly Statistics 

Extreme daily maximum temperature 28.8 DC (on 28 th 
) 

Mean daily maximum temperature 22.8DC (2.1°C below normal) 

Mean daily temperature 20.4 DC (1.8 DC below normal) 

Mean daily minimum temperature 18.5 DC ( 1.7 DC below normal) 

Extreme daily minimum temperature 10.9 DC ( on 3rd 
) 

Total Rainfall (provisional) 228.7 mm (142 %) 

Number of Days with ;:>:0. 1 mm rain 10 ( 1.1 3 below normal) 

Number of Days with ;:>:25.0 mm rain 3 (0.80 above normal) 

Number of Days with ;:>:50.0 mm rain 2 ( 1.03 above normal) 

HKMetS Bulletin Vol. 6, No.2, /996 83 



May 

May was slightly cooler than normal, the mean temperature of 25.0 °C was 0.9 °C below the 
normal figure. The month's total rainfall of 313.9 mm was near normal. A Red Rainstorm 
Warning was issued on 51h 

• 

The weather was rainy on the 1SI, being heaviest in the afternoon. The weather improved 
temporarily the next day and there were sunny periods. However, a trough of low pressure 
developed over south China and moved towards the coast on 3rd bringing occasional heavy rain 
and thunderstorms to Hong Kong from 4 lh to 61h 

• Winds also strengthened briefly from the 
east on the evening of 5th 

• The weather remained cloudy with isolated showers until 12th 
• 

9 thDuring this time easterly winds strengthened briefly on but moderated again the following 
day. Under the influence of a drier airstream, fine and sunny weather prevailed from 13th to 
21 SI. Winds during this period were generally moderate easterly and temperatures rose. The 
maximum recorded for the month, 30.6 DC, occurred on the afternoon of 201h 

• As winds 
turned southerly on 22nd the territory became affected by a maritime airstream and local 
weather turned generally cloudy. The presence of a trough of low pressure resulted in squally 
thunderstorms and the general deterioration of the weather on 25 1h 

• Rainy weather continued 
till 30th 

, with squally thunderstorms again on 291h
, as this trough lingered along the coastal area 

of south China. As the trough weakened and moved away the weather became fine again on 
the last day of the month. 

Monthly Statistics 

Extreme daily maximum temperature 30.6°C ( on 20 th 
) 

Mean daily maximum temperature 27.6°C (1.1 °C below normal) 

Mean daily temperature 25.0°C (0.9 °C below normal) 

Mean daily minimum temperature 23.2°C (0.7 DC below normal) 

Extreme daily minimum temperature 20.5°C ( on 10lh 
) 

Total Rainfall (provisional) 313.9 mm (99 %) 

Number of Days with ~O. 1 mm rain 15 (0.07 above normal) 

Number of Days with ~25.0 mm rain 4 (0.60 above normal) 

Number of Days with ~50.0 mm rain 2 (0.07 above normal) 
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April 

Review ofSummer 1996 

Inlportant Climatological Events 

Summer 1996 was warmer and drier than the mean for the 3D-year normal period from 
1961-90 with all three months registering higher than normal mean daily temperatures and 
both July and August recording below average rainfall. Only in June was rainfall above the 
normal. June equalled the record for the highest mean daily temperature which was also 
recorded in 1938 and 1977. The fine weather and high temperatures was mainly due to the 
dominance of the subtropical ridge over south China, particularly in the first half of the 
month. Most of the rain was brought by active troughs, mainly in the second half of the 
month, with around two-thirds of the monthly total arising from the influence of a trough 
which affected the coastal region from 21 st to 24th

• The first half of July was dominated by 
southerly airstreams although a trough of low pressure also brought showers and 
thunderstorms from 10th to 12th

• Most of the rain fell in the second half of the month 
associated either with unstable southwesterly airstreams or the influence of tropical cyclones 
Frankie and Gloria. Southwesterly airstreams dominated during August with much of the 
rainfall arising from thunderstorms engendered by their instability. Tropical cyclones Herb, 
Lisa and Niki also affected the region during the month although they brought limited 
rainfall. A trough of low pressure brought heavy, thundery showers at the end of the month. 
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Seasonal Statistics 

Mean daily maximum temperature 31.3°C (0.3 °C above normal) 

Mean daily temperature 28.8°C (0.5 °C above normal) 

Mean daily minimum temperature 26.9°C (0.6 °C above normal) 

Rainfall (provisional) 942.6 mm (86 %) 

June 

June 1996 was the hottest June on record. The mean temperature of 28.8 °C was the 
highest for the month of June and equaled the previous record set in 1977 and 1938. The 
mean minimum temperature of 26.9 °C and the mean maximum temperature of 31.2 °C also 
ranked the third and seventh highest respectively for the month. The monthly mean pressure 
of 100.88 kPa was the third highest for June with the dominance of the subtropical ridge over 
south China. The total rainfall of 404.0 mm in the month was 28 mm above normal. For the 
first time since 1973 no tropical cyclone activity was reported in the western North Pacific 
Ocean or South China Sea. 

The weather during the first week of the month was mainly fine with south to southwesterly 
7thwinds. On , long sunny periods brought the temperature up to 33.2 °C, the maximum 

9 threcorded for the month. Winds turned easterly on and some brief but heavy showers 
occurred on the morning of 10th 

• However, sunny weather prevailed later during the day and 
temperatures rose to 33.2 °C again on 1ph. Winds turned southwesterly that evening but 
backed to southeasterly on 13 th 

• During this time the weather remained fine. The weather 
deteriorated on 14th as showers and thunderstorms affected the territory in the afternoon. For 
the next two days thundery weather continued with gusty southeasterly winds. There was a 
temporary improvement on 17th with long sunny periods, but it became cloudy again with 
some showers during the next three days. Winds turned more to the south and became fresh 
southwesterly on 20 th 

• Meanwhile a trough of low pressure which had formed across central 
China on 19th moved towards the coastal areas of south China during the evening of 21 It. This 
trough remained active and brought widespread heavy rain and thunderstorms to Hong Kong 
during the following few days. Flash floods and minor landslips were reported on 21 It and 
22nd 

• With overcast skies and almost continual rain during the day, the lowest temperature for 
the month, 24.7 °C, was recorded on the morning of 23rd 

• The rain was heaviest in the early 
morning hours of 24th with flooding occurring in many localities. The northern part of the 
New Territories was worst affected with flood water up to waist-deep in Sheung Shui and 
Fanling. About 90 ha of farmland and many dwellings were inundated. Agricultural loss was 
estimated at HKS 3.5 million. Although the rain generally decreased later on 24th

, the 
northern part of the New Territories was flooded again in the early morning of 25 th 

• The 
weather improved during the day as the trough of low pressure dissipated. Apart from some 
isolated thunderstorms early on 28 th the weather remained cloudy with isolated showers until 
the end of the month. 

Seasonal Statistics 

Extreme daily maximum temperature 33.2°C ( on ]th and 11 th ) 
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Mean daily maximum temperature 31.2°C (0.9 °C above normal) 

Mean daily temperature 28.8°C (1.0 °C above normal) 

Mean daily minimum temperature 26.9°C (1.0 °C above normal) 

Extreme daily minimum temperature 24.7°C (on 23'd) 

Total Rainfall (provisional) 404.0 mm (107 %) 

Number of Days with zO.1 mm rain 17 (2.23 below normal) 

Number of Days with z2S.0 mm rain 6 (1.77 above normal) 

Number of Days with zSO.O mm rain 3 (1.03 above normal) 

July 

July 1996 was hotter and drier than normal. The mean temperature of 29.2 °C was the sixth 
highest on record for the month of July. The mean minimum temperature of 27. 1 °C was the 
seventh highest for the month. The maximum temperature recorded in the month, 34.3 DC, 
was the ninth highest for July. The total rainfall of 230.3 mm in the month was 29 percent 
below normal. The Tropical Cyclone Standby Signal No. 1 was hoisted twice during the 
month, for Frankie on 22"d and for Gloria on 26 th 

• 

With a south to southwesterly airstream dominating the first half of the month, it started mainly 
cloudy with some showers. Isolated thunderstorms occurred on the morning of 3'd but it 
became fine and sunny in the afternoon. Generally fine weather conditions prevailed until 10th 

• 

The approach of a trough of low pressure from the north brought showery weather the 
following day. Heavy thunder showers continued on 12 th bringing the temperature down to 
24.4 DC, the minimum recorded for the month. The trough weakened and retreated 
northwards later that day. The weather became generally cloudy with sunny periods apart from 
some isolated showers up to 17th 

• Winds turned easterly the next day and showers became 
more frequent. Heavy showers associated with thunderstorms occurred the next morning. 
Over the South China Sea a tropical depression formed about 170 km east-southeast of Xisha 
on the morning of 21 5t and began moving northwestwards towards Hainan Dao. In Hong 
Kong the Tropical Cyclone Stand By Signal No. 1 was hoisted at 1430 HKT that day when 
Frankie was about 600 km to the south. Under the influence of the outer rainbands there were 
occasionally heavy squally showers with fresh gusty winds from the east. As Frankie intensified 
and move closer, local winds became occasionally strong offshore on 22"d. The lowest sea-level 
pressure of 100.19 kPa was recorded at the Royal Observatory at 1400 HKT. Frankie was 
closest to the territory at 1700 HKT when it was about 540 km to the southeast. The storm 
then began to move away and the No. 1 Signal was lowered at 2230 HKT that evening. 
Showers associated with Frankie eased off on 24 th as Frankie dissipated over Vietnam and it 
became fine locally during the day. Winds turned westerly on 25 th and it became hazy that 
afternoon under the influence of Typhoon Gloria which had formed as a tropical depression in 
the Philippine Sea on 2 pt. Gloria was the first typhoon to enter the South China Sea in 1996 
and in Hong Kong the Tropical Cyclone Stand By Signal No.1 was hoisted at 1130 HKT on 
26th when Gloria was about 700 km to the east. Westerly winds prevailed and the weather was 
fine and hot that day as a hot, continental airstream brought the afternoon temperature to a 
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high for the month of 34.3 dc. Lowest sea-level pressure of 99.28 kPa was recorded at the 
Royal Observatory at 1600 HKT that day. As Gloria moved closer there were some isolated 
squally showers from the outer rainbands in the evening. After crossing Taiwan Gloria made 
landfall over southeast China near Xiamen early on 27th and the Stand By Signal No. 1 was 
lowered at 0645 HKT. Gloria came closest to Hong Kong at about 1400 HKT on 27th when 
it was about 270 km to the north-northeast. In the wake of Gloria the territory came under 
the influence of an unstable southwesterly airstream and the weather became cloudy and rainy 
for the following two days. Winds turned southeasterly on 29th and there were some severe 
thunderstorms the next morning. Winds became westerly again on 31 S[ under the influence of 
Typhoon Herb which was approaching Taiwan and the weather was fine and hot. 

Monthly Statistics 

Extreme daily maximum temperature 34.3°C ( on 26 th 
) 

Mean daily maximum temperature 31.8°C (0.3 °C above normal) 

Mean daily temperature 29.2°C (0.4 °C above normal) 

Mean daily minimum temperature 27.1 °C (0.5 °C above normal) 

Extreme daily minimum temperature 24.4°C ( on 12 th ) 

Total Rainfall (provisional) 230.3 mm (71 %) 

Number of Days with ~O. 1 mm rain 17 (0.4 7 below normal) 

Number of Days with ~25.0 mm rain 4 (0.07 above normal) 

Number of Days with ~50.0 mm rain 0 (1.97 below normal) 

August 

August 1996 was cloudier than normal and there were nine days with thunderstorms. The 
total monthly rainfall of 308.3 mm was 21 percent below the normal of 391.4 mm. The 
Tropical Cyclone Standby Signal No. 1 was hoisted on two occasions during the month, on 6th 

for Lisa and on 20th for Niki. 

Typhoon Herb crossed Taiwan on the first day of the month and its circulation continued to 
bring the hot continental airstream which characterized the last day of July to Hong Kong. This 
led to long sunny periods and the recording of the month's highest temperature of 33.5 °C 
that hot, sunny afternoon. Cloudy weather with isolated showers dominated the next few days 
as winds turned southwesterly. Showers became frequent and thundery particularly over the 

4theastern part of the territory as winds changed to easterly on • An area of low pressure 
5thdeveloped over the northern part of the South China Sea on and winds locally were 

occasionally strong offshore. Tropical Depression Lisa formed about 170 km west-northwest of 
Dongsha the next day necessitating the hoisting of the Tropical Cyclone Stand By Signal No. 1 
at 0900 HKT that morning. Lisa was closest to the territory around 1000 HKT on 6th when 
its was about 160 km to the east-southeast. After tracking northeastwards Lisa made landfall 
near Shantou that evening. At the Royal Observatory the lowest sea-level pressure of 99.87 
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kPa was recorded at 1800 HKT. The Standby Signal No.1 was lowered at 2030 HKT. Under 
the influence of an unstable airstream the weather remained cloudy with isolated showers and 
southwesterly winds for the next five days. A few thunderstorms occurred on 10th but the 
weather cleared by 12th 

• An unstable maritime airstream returned to affect the territory 
bringing occasional showers and thunderstorms from 14th to 18th 

• Torrential rain occurred on 
15th causing flooding in many areas. Temperatures fell to 22.6 °C, the lowest for the month, 
during heavy rain on the morning of 18th. During this five-day period accumulated rainfall 
amounted to 206.1 mm, around two thirds of the monthly total. Winds turned northeasterly 
later on 18th with fine weather prevailing for the next two days. Meanwhile Niki developed as a 
tropical depression on 18th

, deepened into a tropical storm and swept across Luzon. Niki 
entered and began to track westwards across the northern part of the South China Sea on the 
morning of 20th 

• The Tropical Cyclone Stand By Signal No. 1 was hoisted at 0945 HKT that 
day when Niki was about 770 km to the southeast. At first light winds and fine weather 
prevailed but as Niki intensified that afternoon and moved closer local winds freshened from 
the east. The lowest sea-level pressure, 100.77 kPa, was recorded at the Royal Observatory at 
1600 HKT on 20th The next day Niki attained typhoon intensity about 90 km north• 

northeast of Xisha. Easterly winds freshened on 21 St and the outer rainbands to the north of 
Niki, which were not particularly active, brought only a few showers early the next day. The 
No. I Signal was lowered at 2245 HKT in the evening of 22nd as Niki moved away from Hong 
Kong on a westerly track towards Hainan. Niki made landfall over Vietnam on 23'd but locally 
cloudy weather prevailed. Rain and thunderstorms returned on the morning of 25th 

• The 
weather then improved gradually becoming fine and sunny by 27th and remaining so for the 
next few days. A trough of low pressure from south China which brought heavy and thundery 
showers on 31 St. 
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Monthly Statistics 
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