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Preface

In keeping with our policy of releasing information
which may be of general interest to the geotechnical
profession and the public, we make available selected internal
reports in a series of publications termed the GEO Report
series. The GEO Reports can be downloaded from the
website of the Civil Engineering and Development Department
(http://www.cedd.gov.hk) on the Internet.
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Raymond WM Cheung
Head, Geotechnical Engineering Office
March 2022



Foreword

This report presents a summary of the factual information
on rainfall and landslides in Hong Kong throughout 2018.
Details of the landslides were obtained from records of landslide
incidents reported to the Geotechnical Engineering Office
(GEO) of the Civil Engineering and Development Department
(CEDD). Supplementary information was collected from the
Agriculture, Fisheries and Conservation Department,
Architectural ~ Services Department, Drainage Services
Department, Highways Department, Housing Department,
Lands Department, Water Supplies Department, and the GEO's
landslide investigation consultants. The Hong Kong
Observatory provided weather and rainfall information. The
Standards and Testing Division of the GEO carried out a review
of the available rainfall records as well as rainfall analyses, and
prepared Section 2 of this report. All contributions are
gratefully acknowledged.

H.W. Sun
Chief Geotechnical Engineer/LPM2



Abstract

This report presents a summary of the factual information
on rainfall and landslides in Hong Kong throughout 2018.
Rainfall information was obtained from the Hong Kong
Observatory (HKO) to supplement the information available in
the Geotechnical Engineering Office (GEO). Details of the
landslides were obtained from records of landslide incidents
reported to the GEO.  Supplementary information was
collected from the Agriculture, Fisheries and Conservation
Department, Architectural Services Department, Drainage
Services Department, Highways Department, Housing
Department, Lands Department, Water Supplies Department,
and the GEO’s landslide investigation consultants, namely
Fugro Hong Kong Limited and AECOM Asia Company
Limited.

Rainfall recorded in 2018 at the HKO’s Principal
Raingauge at Tsim Sha Tsui amounted to 2162.9 mm, a deficit
of about 10% comparing to the mean annual rainfall of
2398.5 mm between 1981 and 2010. No Black Rainstorm
Warning was issued in 2018. Four Red Rainstorm Warnings
and 27 Amber Rainstorm Warnings were issued between 8 June
and 16 September 2018, and between 6 June and 24 September
2018 respectively.

Three Landslip Warnings were issued on 7 June,
29 August and 16 September 2018. A total of 346 incidents
were reported to the Government in 2018. Of these, 253 were
classified as genuine landslides and 12 of them were designated
as major failure (i.e. with a failure volume of 50 m* or more, or
where a fatality has occurred).

There were 16 landslides in 2018 with notable
consequences. Of these landslides, one resulted in damage of a
storage structure, a container and several vehicles as well as
temporary closure of a road, one led to a permanent evacuation
of a squatter dwelling, two led to temporary evacuation of
squatter dwellings and three resulted in damage of vehicles.
The remaining nine landslides resulted in temporary closure of
roads. Other landslides in 2018 primarily affected open areas,
footpaths or minor access roads, catchwaters and a construction
site without any significant direct or indirect consequence. No
fatality was reported as a result of the landslides.
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1 Introduction

This report summarises the factual information on rainfall and reported landslides in
Hong Kong throughout 2018. Rainfall information was obtained from the Hong Kong
Observatory (HKO) to supplement the information available in the Geotechnical Engineering
Office (GEO). Details of the landslides were obtained from records of landslide incidents
reported to the GEO. Supplementary information was collected from the Agriculture,
Fisheries and Conservation Department (AFCD), Architectural Services Department
(ArchSD), Drainage Services Department (DSD), Highways Department (HyD), Housing
Department (HD), Lands Department (LandsD), Water Supplies Department (WSD), and the
GEO’s landslide investigation consultants, namely Fugro Hong Kong Limited and AECOM
Asia Company Limited under Agreement Nos. CE 45/2015 (GE) and CE 46/2015 (GE)
respectively.

In this report, a landslide is defined as the detachment or excessive displacement of
soil or rock mass, and includes failure of a fill slope, cut slope, retaining wall, natural hillside,
or disturbed terrain, as well as rockfall and boulder fall. A 'major' landslide is defined as a
failure in which the estimated/recorded volume of the detached or displaced mass is > 50 m?,
or where a fatality has occurred. A 'very minor' landslide is defined as a failure that is small
in scale (i.e. < 5 m? for failures involving soil, or < 0.1 m? for rockfalls/boulder falls) and does
not give rise to any significant public nuisance or notable consequences (e.g. casualty,
near-miss, evacuation of buildings or squatter dwellings, road closure, etc.). Landslides that
are not classified as 'major' or 'very minor' are taken as 'minor’.

2 Rainfall
2.1 The Raingauge System

The GEO, in collaboration with the HKO, operates an automatic raingauge system that
transmits rainfall data through 3G mobile network, i.e. a wireless transmission technology, to
the GEO and the HKO at I-minute and 5-minute intervals respectively. The system
comprises 90 GEO raingauges and 31 raingauges owned by the HKO and other government
departments. The raingauges are of the tipping-bucket type, tipping for every 0.5 mm of
rainfall. The locations of the automatic raingauges are shown in Figure 2.1.

2.2 Rainfall Records

The rainfall data from the raingauge system are checked, verified and stored by the
GEO in a database, from which they can be extracted for analysis. This report presents a
selection of rainfall parameters for the whole year of 2018, as well as individual months and
individual rainstorms.

The weather in 2018, as described by the HKO (2019), is excerpted as follows:
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"The year 2018 was drier than normal in Hong Kong, mainly
due to the well below normal rainfall from February to May. The
annual total rainfall was 2162.9 millimetres, a deficit of about
10 percent comparing to the 1981-2010 normal of
2398.5 millimetres (or about 3 percent below the 1961-1990
normal). Four red rainstorm warnings were issued by the Hong
Kong Observatory in 2018. There was no black rainstorm
warning issued in the year. The number of days with
thunderstorms reported in Hong Kong was 38 days in 2018,
close to the 1981-2010 normal of 38.6 days."

"A total of 33 tropical cyclones occurred over the western North
Pacific and the South China Sea in 2018, more than the
long-term (1961-2010) average of 30. There were 13 tropical
cyclones reaching typhoon intensity or above during the year,
less than the long-term average of about 15, and seven of them
reached super typhoon intensity (maximum 10-minute wind
speed of 185 km/h or above near the centre). In Hong Kong, six
tropical cyclones necessitated the issuance of tropical cyclone
warning signals, near the long-term average in a year. The
Hurricane Signal No. 10 was issued during the passage of
Mangkhut in September, while the No. 3 strong wind signal was
issued for five times during the passages of Ewiniar in June,
Son-tinh in July, Bebinca in August, Barijat in September and
Yutu in November."

The following is excerpted from the HKO’s Monthly Weather Summary describing the
weather condition when the most intense rainstorms occurred in the wet season (i.e. between
April and September 2018). Further details on the monthly weather are available on the
HKO Website (https://www.hko.gov.hk/en/wxinfo/pastwx/mws/mws.htm).

"April 2018 was warmer than usual with a mean temperature of
23.6 degrees, 1.0 degree above the normal of 22.6 degrees. The
month was also much drier than wusual with only
28.1 millimetres of rainfall recorded in the month, about
one-sixth of the normal of 174.7 millimetres and the eighth
lowest on record for April. The accumulated rainfall recorded in
the first four months of the year was 117.5 millimetres, a deficit
of 65 percent compared to the normal of 336.1 millimetres for
the same period. ... A trough of low pressure moved across the
coast of Guangdong on 24 April. The weather in Hong Kong
turned cloudy with showers and a few thunderstorms during the
day. More than 20 millimetres of rainfall were recorded over
Hong Kong Island, Tuen Mun and Lantau Island."

"As a trough of low pressure over Guangdong moved towards
the coastal areas, the weather in Hong Kong turned cloudy with
showers and thunderstorms later on 7 May. More than
50 millimetres of rain fell over Hong Kong Island and Sai Kung
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on the morning of 8 May as the trough swept across the territory.
Cloudy and showery conditions continued for the next three
days as a strengthening easterly airstream once again brought
cooler weather to the south China coastal areas."

"After making landfall near Yangjiang on the night of 7 June, a
weakening Ewiniar continued to drift towards the Pearl River
Delta. Its rainbands brought heavy squally showers and
thunderstorms to Hong Kong with more than 170 millimetres of
rainfall generally recorded over the territory on 6 - 8 June. The
heavy downpour necessitated the issuance of the first rainstorm
warnings this year, including the Red Rainstorm Warning on
8 June. A waterspout was also spotted near Cheung Chau in the
evening on 7 June. Local winds gradually subsided and the
showers eased off on 9 June as generally fine weather returned."

"After a couple of fine and very hot days on 10 and 11 June, a
trough of low pressure brought heavy showers and
thunderstorms to the coast of Guangdong on 12 - 13 June. There
was a report of waterspout near Ninepin Islands on the morning
of 12 June, and more than 100 millimetres of rain fell over Sai
Kung, Hong Kong Island and Cheung Chau on 13 June. The
trough passed to the south of Hong Kong and local weather
improved with a mixture of sunshine and isolated showers on
14 - 15 June."

"Under the influence of the southwest monsoon, local weather
was a mixture of sunshine and showers on 1 - 7 July. There were
also occasional heavy showers and squally thunderstorms in
isolated areas during these few days. During the localized heavy
showers on 5 July, more than 200 millimetres of rainfall were
recorded over Tai Po District. A broad trough of low pressure
continued to bring showery weather to Hong Kong on
8 — 9 July."

"The outer rainbands associated with Bebinca brought
occasional heavy squally showers and thunderstorms to Hong
Kong on 10 - 16 August with more than 150 millimetres of
rainfall generally recorded over the territory during this period."

"Affected by a south to southwesterly airstream, the weather in
Hong Kong was mainly cloudy with occasional showers and
thunderstorms on 17 - 19 August. The showers were heavier on
19 August with more than 70 millimetres of rainfall recorded
over Tsuen Wan, Kwai Tsing and Lantau Island. A broad trough
of low pressure over the south China coast continued to bring
showery weather to Hong Kong on 20 - 21 August."
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"Affected by a broad area of low pressure along the coast of
Guangdong, local weather started to deteriorate with heavy
showers in the evening of 26 August. The heavy rain around
midnight of 26 August brought more than 100 millimetres of
rainfall to parts of the Lantau Island and Hong Kong Island. An
active trough of low pressure continued to bring occasional
heavy showers and squally thunderstorms to Hong Kong for the
rest of the month. Rain was particularly heavy in the New
Territories on 29 August, necessitating the issuance of the Red
Rainstorm  Warning, Landslip Warning and Special
Announcement on Flooding in the Northern New Territories.
More than 100 millimetres of rainfall were recorded over most
parts of the New Territories, and rainfall even exceeded
200 millimetres over Tuen Mun, Yuen Long, Tai Po and North
District. There were serious flooding over many places in the
New Territories and landslides in Fanling, resulting in
significant disruption of traffic. A waterspout was also reported
near Ting Kau on the morning of 29 August."

"The weather in Hong Kong deteriorated rapidly during the
passage of Mangkhut on 16 September. The destructive storm to
hurricane force winds, severe storm surge and squally heavy rain
associated with Mangkhut ravaged the territory and caused
extensive damages to Hong Kong on that day, ... More than
100 millimetres of rainfall were generally recorded over Hong
Kong, and rainfall even exceeded 200 millimetres over parts of
the territory on that day. During the downpour, the temperature
at the Hong Kong Observatory fell to a minimum of
23.6 degrees, the lowest in the month. With Mangkhut departing
from Hong Kong, local winds subsided gradually on
17 September, but the outer rainbands associated with Mangkhut
continued to bring squally showers to Hong Kong on that day."

"With the setting in of an easterly airstream, local weather
became slightly cooler and mainly cloudy with occasional
showers and thunderstorms on 24 - 25 September. Showers were
heavy on the morning of 24 September with more than
30 millimetres of rainfall generally recorded over the territory
and rainfall even exceeding 70 millimetres over Tai Po, Kwai
Tsing and Kowloon."

The rainfalls recorded at the HKO in the first and second quarters of 2018 are 89.4 mm
(45% below the normal rainfall) and 544.4 mm (44% below the normal rainfall) respectively.
The total rainfalls recorded in the third and last quarters are 1339.5 mm (18% above normal)
and 189.6 mm (15% above normal) respectively. The annual rainfall for 2018 is 2162.9 mm,
about 10% lower than the annual normal of 2398.5 mm recorded between 1981 and 2010.
The cumulative rainfall for 2018 is compared with the highest, lowest and mean rainfall in
Figure 2.2.
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Figure 2.3 shows the monthly rainfall distribution in 2018. Figure 2.4 shows the
annual rainfall distribution in 2018, together with the locations of the reported landslides.

2.3 Rainstorms in 2018

Table 2.1 tabulates the rainfall parameters for three rainstorms in 2018, during which
Landslip Warnings were issued. The parameters include the maximum 24-hour, 4-hour and
1-hour rolling rainfalls (based on 5-minute rainfall data). Table 2.1 also includes the 4-day
and 15-day antecedent rainfalls at the HKO’s Principal Raingauge. Similar data for selected
major rainstorms in previous years are included in Table 2.1 for comparison. Other rainfall
parameters for the above three rainstorms are also shown in Table A1 of Appendix A.

Figures Al to A3 of Appendix A show the isohyets of the maximum rolling 24-hour
rainfalls during the above three rainstorms, together with the locations of reported landslides
with incident dates or incident reported dates that can be attributed to the rainstorm events,
and the locations and values of maximum rolling rainfalls for durations ranging from five
minutes to 48 hours.

The rainstorms of 29 to 30 August 2018, 16 to 17 September 2018 and
6 to 9 June 2018 caused 65, 29 and 13 reported landslides respectively.

2.4 Warnings Issued by the Hong Kong Observatory

Table 2.2 summarises the details of the Thunderstorm, Flooding, Landslip, Tropical
Cyclone and Rainstorm Warnings issued by the HKO in 2018. No Black Rainstorm
Warning was issued in 2018. Four Red Rainstorm Warnings and 27 Amber Rainstorm
Warnings were issued between 8 June and 16 September 2018, and between 6 June and
24 September 2018 respectively. Three Landslip Warnings were issued on 7 June,
29 August and 16 September 2018.
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Table 2.1 Rainfall and Landslides in 2018 and Selected Previous Major Rainstorms (Sheet 1 of 2)

Maximum Rainfall (mm) @
Date of Hong Kong Observatory (HKO) GEO Raingauges ¥ Number of Landslides
Rainstorm Event Antecedent Reported &
24-hr 4-hr 1-hr 24-hr 4-hr 1-hr
4-day | 15-day
6-9 June 2018 83.5 46.5 23 40 445 323 (N41) 183 (N46) 101 (N46) 13
29-30 August 2018 53 8 3 172 426 381.5 (NO5) 218.5 (NO5) 75.5 (N31) 65
16-17 September 2018 174 88 39.5 3 84 343.5 (N37) 171 (N19) 64 (NO7, N37) 29
Notes: (1) The maximum rainfalls are calculated using 5-minute rainfall as the basic unit, except those recorded at the HKO, for which the
rolling rainfall is calculated using one-clock hour rainfall as the basic unit.
(2) The maximum rainfalls are selected from the 90 GEO Raingauges for the rainstorms. The GEO Raingauge reference number is
shown in brackets.
(3) Reported number of landslides refer to those genuine landslides that can be attributed to the rainstorm events.

(44



Table 2.1 Rainfall and Landslides in 2018 and Selected Previous Major Rainstorms (Sheet 2 of 2)

Maximum Rainfall (mm)
Date of Hong Kong Observatory (HKO) GEO Raingauges Number of Landslides
Rainstorm Event Antecedent Reported
24-hr 4-hr 1-hr 24-hr 4-hr 1-hr
4-day | 15-day
Selected Major Rainstorms in Previous Years (for comparison only)

20-21 May 1989 387.8 | 119.3 37.3 27.9 41.7 566 (N14) 194.5 (N14) 61.5 (N14) 378
7-9 May 1992 324.7 195 109.9 4.2 9.1 386.5 (H10) 243 (H10) 144.5 (H19) 314
15-16 June 1993 155.1 | 1223 54.1 155.8 | 296.1 285 (N13) 191.5 (N13) 111 (H13) 123
4-5 November 1993 106.6 | 27.8 9.4 0 0 745 (N17) 285 (N17) 114 (N17) 394
21-25 July 1994 310.2 | 141.9 70.4 18.7 310.1 956 (N14) 365 (N14) 211.5 (N14) 208
3-11 August 1994 74.1 44.9 27.1 8.1 759.1 381 (N14) 187.5 (N14) 103.5 (N14) 46
11-15 August 1995 325.7 | 109.1 43.8 5.1 436.9 468 (HO8) 223.5 (H14) 106 (N14) 110
3-5 June 1997 150.2 83.7 46.4 0.9 33.6 367.5 (N0O4) 262.5 (N04) 128.5 (N04) 81
1-4 July 1997 148.8 | 106.7 | 454 335 362.7 800 (N09) 249.5 (N09) 125 (NO1) 150
8-9 June 1998 4284 | 152.4 71.7 86.6 246.8 562 (N15) 218.5 (N15) 98 (N09) 96
22-26 August 1999 313.1 | 1274 50.7 6.8 170.3 565 (N14) 230.5 (N10) 120.5 (N10) 269
16-21 August 2005 4164 | 1229 39.1 110.7 | 214.1 570 (NO1) 173.5 (N18) 82 (N25) 229
6-9 June 2008 417.6 | 246.3 | 1455 99.9 | 2425 622.5 (N19) 384 (N19) 153.5 (N21) 363

Notes: (1) The maximum rainfalls are calculated using 5-minute rainfall as the basic unit, except those recorded at the HKO, for which the

rolling rainfall is calculated using one-clock hour rainfall as the basic unit.

(2) Reported number of landslides refer to those genuine landslides that can be attributed to the rainstorm events.
(3) The maximum rainfalls are selected from all the available GEO Raingauges for the rainstorms.

number is shown in brackets.

The GEO Raingauge reference
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Table 2.2 Warnings Issued by the Hong Kong Observatory in 2018

Monthly Dates on which Warnings () were in Effect
Month | Total Rainfall
(mm) Thunderstorm ® Flooding @ | Landslip ¥ Tropical Cyclone © Rainstorm
January 62.2 - - - - -
February 4.5 - - - - .
March 22.7 4,19 - - - -
April 28.1 15, 24 - - - -
May 57.5 6,7,8,9,26,27 - - - -
1,4,5,6,9,12, 13, 19, 20, 6 (Amber), 8 (2 x Amber), 8 (Red),
June 4588 |51 2023 24.25,26,27,30] & 7-8 3-8 (13, EWINIAR) 1135 Amber), 22 (Amber), 23 (Amber)
1,2,3,4,5,6,7,8,9, 13, 14
T L A 17-18 (1-3, SON-TINH),
July 341.1 15,17, 19, 2216, 2227, 23, 24,25, - - 23-24 (1, SON-TINH) 2 (Amber), 15 (Amber)
10 (Amber), 11 (Amber), 12 (Amber),
1,2,3,4,5,6,7,8, 10, 11, 17 (Amber), 19 (Amber), 20 (Amber),
August 615.1 12, 14,16, 17, 18, 19, 20, 21,| 22, 28, 29 29-30 9-15 (1-3, BEBINCA) 22 (Amber), 26 (Amber), 26 (Red),
22,23,26,27,28,29, 31 27 (2 x Amber), 28 (Amber),
29 (2 x Amber), 29 (Red)
1,2,3,5,6,7,8, 14,17, 23, 11-13 (1-3, BARIJAT), 1 (Amber), 2 (Amber),
September | 383.3 24 16, 24 16-17 11 4 17 (1-10, MANGKHUT)| 16 (2 x Amber), 16 (Red), 24 (Amber)
October 104.3 10 - - 31 (1, YUTU) -
November 73.4 - - - 1-2 (1-3, YUTU) -
December 11.9 - - - - -
Total 2162.9 144 Warnings 7 Warnings | 3 Warnings 7 Warnings 31 Warnings (27 x Amber & 4 x Red)
Notes: (1) Warnings and signals were based on the information from the HKO.

(2) More than one Thunderstorm Warning may have been issued within a day but have only been shown once for clarity.
(3) More than one Flooding Warning may have been issued within a day but have only been shown once for clarity.

(4) Landslip Warning was issued after consultation between the GEO and the HKO.
(5) Tropical Cyclone Warning signal number hoisted is shown in the bracket followed by the name of the tropical cyclone.
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3 Landslides
3.1 Landslides in 2018

Landslide incidents occurring in 2018 and reported to the GEO and other government

departments are summarised in Table 3.1.

Table 3.1 Breakdown of Landslides in 2018 Reported to Government Departments

Department Reported Number Genuine

p of Landslides Landslides
Agriculture, Fisheries and Conservation Department 11 (0) 11 (0)
Architectural Services Department 18 (0) 18 (0)
Drainage Services Department 0 0
Geotechnical Engineering Office, 2670 187
Civil Engineering and Development Department
Highways Department 21 (19) 21 (19)
Housing Department 0 0
Lands Department 9 (0) 9 (0)
Water Supplies Department 41 (2) 28 (2)

Total 367 (21)® 274 (21)@

Legend:

21 (19) Twenty-one incidents were reported to the government department concerned,
19 of which were also reported to the GEO separately by other parties (i.e.
duplicate cases)

Notes: (1) A total of 267 landslide incidents that occurred in 2018 (discounting

duplicate cases) were reported to the GEO, of which 187 were classified

as genuine landslides.

(2) The number of reported landslide incidents that occurred in 2018

(discounting duplicate cases) is 346 [367 - 21].

landslides is 253 [274 — 21].

The number of genuine

A total of 346 landslide incidents that occurred in 2018 were reported to various

government departments.

These include 267 incidents (discounting duplicate cases)

reported to the GEO. Another 79 incidents were reported to other government departments

(i.e. AFCD, ArchSD, HyD, LandsD and WSD).
genuine landslides (see details in Appendix B).

Of these 346 reported incidents, 253 were
The other reported incidents were
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non-landslide events such as tree falls, flooding and waved-induced scouring damage to
coastal slopes under severe typhoon.

Of the 253 genuine landslides, 12 (4.8%) were major landslides (see Table Bl in
Appendix B), 164 (64.8%) were minor landslides and 77 (30.4%) were very minor landslides
with negligible consequences (see Section 1).

Selected notable landslides are presented in Section 4. For those landslide incidents
inspected by the GEO, the information on the landslides was recorded in incident reports
prepared by the GEO. For those landslide incidents attended to by other government
departments responsible for slope maintenance, landslide incident reports were prepared by
the respective departments. The above information is available in the Slope Information
System (SIS). Further details of these slope failures can be found in the relevant files of the
three District Divisions of the GEO.

Wherever possible, the dates and times of the landslides were assessed by geotechnical
professionals. Of the 253 landslides, the timing of occurrence was determined to within one
day for 65 incidents based on the reported date of failure given in the incident reports. For
the remaining landslide incidents, the timing of occurrence could not be ascertained due to
lack of information or that the incidents were not reported to the GEO or other government
departments until several days or even weeks after occurrence.

3.2 Consequence of Landslides

The consequence of landslides in terms of the types of facilities affected (e.g. buildings,
roads, registered squatter dwellings, catchwaters, construction sites, etc.) in different regions
i1s summarised in Table 3.2. In regard to the landslides with significant consequences (e.g.
casualties, injuries, evacuation of buildings or squatter dwellings, temporary closure of roads,
etc.), they are classified with respect to the types of slope failures, as shown in Table 3.3.
The facility groups affected by the major landslides are presented in Table 3.4. Further
descriptions of some selected notable landslides of 2018 are given in Section 4 below.

3.3 Types of Slope Failures

Landslides reported to the GEO and other government departments have been
classified into five major types of slope failures, i.e. fill slopes, cut slopes, retaining walls,
natural hillside and registered disturbed terrain. The breakdown of different types of slope
failures is shown in Table 3.5.
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Table 3.2 Breakdown of Landslides by Types of Affected Facilities

New
Hone Kon Territories
Types of Affected Facilities g € | Kowloon and All
Island .
Outlying
Islands
Buildings (including village houses) 3(0) 0 5(0) 8 (0)
Registered Squatter Dwellings 0 0 17 (1) 17 (1)
Roads 21 (0) 1 (0) 18 (5) 40 (5)
Transportation Facilities
. 0 0 0 0
(e.g. railways, tramways, etc.)
Pedestrian Pavements/Footways 4 (0) 2(0) 3(0) 9(0)
Minor Footpaths/Access Paths/
Access Roads 15 (1) 2(0) 84 (3) 101 (4)
Construction Sites 0 0 1(0) 1(0)
Open Areas 6 (1) 6 (1) 26 (1) 38 (3)
Catchwaters 0 0 8 (1) 8 (1)
Others (e.g. carparks, parks,
playgrounds, gardens, backyards, etc.) 2(0) 2(0) 2500 2900
Nil 0 1 (0) 7 (0) 8(0)
Total 51 (2) 14 (1) 194 (11) 259 (14)
Legend:
40 (5) Forty landslides of which five were major failures
Notes: (1) Incidents that were not genuine landslides have been excluded.

(2) A given landslide may affect more than one type of facility.
(3) 'Nil' refers to incidents where the landslide debris came to rest on the
slopes, not affecting any facilities.




Table 3.3 Breakdown of Landslide Consequences by Types of Slope Failures

Number (?)f Squatter Number of Number of Incidents Involving Closure
Dwellings"” Evacuated |Floors, Houses o
or Flats Injuries
Types of Slope Failures E J Footpaths, | Deaths |reported
vacuated or Road Pedestrian | Alleyways to GEO
Permanent | Temporary Partially oads Pavements or Private
Closed Access Paths
Fill Slopes 0 0 0 0 0 1 0 0
Soil 1(H® 1(1) 0 5 0 12 0 0
Cut Slopes Soil/Rock 0 0 0 0 1 0 0 0
Rock 0 0 0 1 0 1 0 0
Retaining Walls 0 0 0 0 1 2 0 0
Natural Hillside 0 1(1) 0 4 0 6 0 0
Registered Disturbed Terrain 0 0 0 0 0 0 0 0
Total 1(1) 2(2) 0 10 2 22 0 0
Legend:
1(1) Number of squatter dwellings evacuated, with the number of tolerated squatter structures evacuated shown in brackets
Notes: (1) A squatter dwelling is defined as a place of residence that contains one or more tolerated squatter structures, i.e. all

structures registered in 1982 Housing Department’s Squatter Structure Survey (GEO, 2018).
(2) A failure may give rise to more than one type of consequence.
(3) A cut slope failure (Incident No. 2018/09/2304) resulted in permanent evacuation of a squatter dwelling at Pai Tau
Village (see Section 4.3 for details).

8¢C
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Table 3.4 Breakdown of Facility Groups Affected by Major Landslides

Facility Group Affected by Major Landslides (Group No.)
Types of Major Landslides
la 1b 2a 2b 3 4 5
All Major Landslides 0 1 0 0 2 7 2
Major Landslides on
Man-made Slopes 0 0 0 0 ! 2 !
Major Landslides on
Registered Disturbed Terrain 0 0 0 0 0 0 0
Major Landslides on
Natural Hillside 0 ! 0 0 1 > 1
Note: Facility groups are classified in accordance with the GEO Technical Guidance

Note No. 15 (GEO, 2007).

Table 3.5 Breakdown of Landslides by Types of Slope Failures

Types of Slope Failures Number Percentage (%)
Fill Slopes 14 (2) 5.5
Soil 139 (2) 55
Cut Slopes Soil/Rock 15 (0) 5.9
Rock 16 (0) 6.3
Retaining Walls 9(0) 3.6
Natural Hillside 56 (8) 22.1
Registered Disturbed Terrain 4 (0) 1.6
Total 253 (12) 100
Legend:
14 (2) Fourteen landslides, two of which were major failures.
Note:

Where a landslide involved more than one type of failure, the predominant
type of failure has been considered in the above classification.




3.4 Landslide Volume Distribution

Tables 3.6 and 3.7 show the distribution of failure volumes for all the reported
A total of 151 landslides (59.7%) involved less than 5 m® of material.

landslides.
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were 12 major landslides (with a failure volume of 50 m? or more), eight of which occurred
on natural hillside and the other four occurred on man-made features.

200 m? to 800 m°.

The largest two
incidents involved landslides developed into three distinct landslide clusters occurring on the
natural hillside above Fan Kam Road with an estimated total source volume ranging from
Detailed description of these two incidents is given in Section 4.2.

Table 3.6 Landslide Volume Distribution with Respect to Geographical Locations

New Territories

Volume og Failure Hong Kong Kowloon and Outlying All
(m°) Island Islands
<5 44 10 97 151 (59.7%)
>5t0<10 2 1 24 27 (10.7%)
>10to <20 0 1 29 30 (11.8%)
>20to <50 1 1 31 33 (13%)
>50 to <200 2 1 6 9 (3.6%)
>200 to <500 0 0 1 1 (0.4%)
> 500 to < 1000 0 0 2 2 (0.8%)
>1000 0 0 0 0 (0%)
Total 49 14 190 253 (100%)
Legend:

27(10.7%) Twenty-seven landslides, which amount to 10.7% of the total 253 genuine
landslides reported to the Government

There



Table 3.7 Landslide Volume Distribution with Respect to Types of Slope Failures

VOlumfn‘if)Faﬂure Fill Slopes Cut Slopes Ri;’;‘;ﬁisng gﬁ;‘sﬁ %eiftilsltrireeg Total
Soil Soil/Rock Rock Terrain
<5 3 88 11 15 6 28 0 151 (59.7%)
>5t0 <10 4 15 2 1 1 2 2 27 (10.7%)
>10 to <20 3 19 0 0 1 6 1 30 (11.8%)
>20 to <50 2 15 2 0 1 12 1 33 (13%)
>50 to <200 2 2 0 0 0 5 0 9 (3.6%)
>200 to <500 0 0 0 0 0 1 0 1 (0.4%)
>500 to <1000 0 0 0 0 0 2 0 2 (0.8%)
>1000 0 0 0 0 0 0 0 0 (0%)
Total 14 139 15 16 9 56 4 253 (100%)
Legend:

27 (10.7%) Twenty-seven landslides, which amount to 10.7% of the total 253 genuine landslides reported to the Government

Note: Where a landslide involved more than one type of failure, the predominant type of failure has been considered in the above
classification.

[€
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4 Notable Landslides
4.1 General

Of the 253 genuine landslides reported to the Government that occurred in 2018, six
incidents are described in more detail below. These six incidents have been selected on the
basis of their consequences and scales.

4.2 The 29 August 2018 Landslides on the Natural Hillside above Fan Kam Road, Pat
Heung (Incident Nos. 2018/08/2228 & 2018/08/2229)

On 29 August 2018 when Red Rainstorm Warning and Landslip Warning were in
effect on that day, landslides in three distinct clusters, denoted as 2228, 2229(upper) and
2229(lower) in Figure 4.1, occurred on the natural hillside above Fan Kam Road with total
source volume of 550 m?, 800 m* and 200 m?® respectively. While the landslides initiated as
open hillslope failures from multiple source areas within the landslide clusters, debris from
landslide clusters 2228 and 2229(upper) converged into drainage lines and turned into
channelised debris flows descending towards Fan Kam Road. No casualty was reported, but
outwash debris inundated both lanes of Fan Kam Road resulting in closure of a section of the
road (Figure 4.2(a)). One of the two traffic lanes was re-opened after four days upon
completion of the immediate emergency works. The remaining traffic lane was re-opened in
early January 2019 following the completion of additional emergency works which primarily
comprised installation of soil nails. The debris impact also led to blockage of a cross-road
culvert and pushing downstream and incurring damage on several vehicles and a container
(Figure 4.2(b)). A storage structure adjoining a village house adjacent to the debris trail of
landslide cluster 2228 was also reported to have been washed away (Figure 4.2(c)). The
incidents were widely reported by the media.

g2 1 Fan Kam Road inundated [
— by outwash debris

=y e

Figure 4.1 General View of the 29 August 2018 Landslides on the Natural Hillside above
Fan Kam Road, Pat Heung (Incident Nos. 2018/08/2228 & 2018/08/2229)
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<K 3

Road inundated By 0

(a) A section of Fan Kam

(©) torage structure adjoining a village house reportd to have
been washed away

Figure 4.2 Views of the 29 August 2018 Landslides on the Natural Hillside above Fan
Kam Road, Pat Heung (Incident Nos. 2018/08/2228 & 2018/08/2229)
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4.3 The 16 September 2018 Landslide on an Unregistered Cut Slope behind a Squatter
Structure at Pai Tau Village, Shatin (Incident No. 2018/09/2304)

At about 1:00 p.m. on 16 September 2018 when Red Rainstorm Warning was in effect
followed by Landslip Warning, a landslide occurred on an unregistered soil cut slope below a
squatter dwelling at No. 92 Pai Tau Village, Shatin (Figure 4.3). The landslide involved a
shallow detachment with an estimated failure volume of 2 m®. The debris, comprising soil
and vegetation, was piled up against the squatter without any major damage to the squatter
structure. No casualty was reported as a result of the landslide.

According to available records, a Category 2 Non-development Clearance! (NDC) to
the squatter dwelling at the slope toe was recommended by GEO in 1993. Subsequently, the
squatter dwelling was permanently evacuated under a Category 1 NDC? recommended by
GEO following the 2018 landslide.

T
7 ’
+
'L

No. 92 Pai |ecilie
A Tau Village [E e

PRI | andsiide debris

a

Figure 4.3 Views of the 16 September 2018 Landslide on an Unregistered Cut Slope
behind a Squatter Structure at Pai Tau Village, Shatin (Incident No.
2018/09/2304)

! Category 2 Non-development Clearance (NDC) recommendations are issued to squatter structures that are
considered especially vulnerable to landslides due to their close proximity to potentially unstable slopes; the
clearance is through advice and persuasion.

2 Category 1 NDC recommendations are issued to squatter structures that are in "immediate and obvious"
danger; the clearance is compulsory and will be backed up by force if necessary.
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4.4 The 29 August 2018 Landslides on the Natural Hillside at Ta Shek Wu Kiu Tau,
Sheung Shui (Incident No. 2018/08/2231)

On 29 August 2018 when Red Rainstorm Warning and Landslip Warning were in
effect on that day, three landslides, denoted as Landslides A, B and C in Figure 4.4, occurred
on the natural hillside above a cut slope (Feature No. 2SE-D/C349) at Ta Shek Wu Kiu Tau
with source volume of 70 m?, 125 m? and 105 m? respectively. The landslide debris was
largely deposited on an access road at the slope toe and damaged a parked van at the opposite
side of the road. While no casualty was reported, the affected section of access road was
completely closed for about two weeks.

® —

ittt T -‘ 2 ] E it X - B ‘
"l Access road completely - Van dgmaged l?y
blocked by landslide debris landslide debris

Figure 4.4 Views of the 29 August 2018 Landslides on the Natural Hillside at Ta Shek
Wu Kiu Tau, Sheung Shui (Incident No. 2018/08/2231)
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4.5 The 13 February 2018 Rockfall behind Clinical Pathology Building, Queen Mary
Hospital (Incident No. 2018/02/2151)

On 13 February 2018, a rockfall incident occurred on the natural hillside above a cut
slope (Feature No. 11SW-C/C76) behind the Clinical Pathology Building of Queen Mary
Hospital under dry weather (Figure 4.5). The fallen rock blocks, with an estimated volume
of 0.001 m?, impacted a car parked in the open car park at toe of the slope with most of the
rock blocks punched into the car through its rear window. While the car was damaged, no
casualty was reported as a result of the incident.

Rear window damaged

Fallen rock blocks deposited
within the parked car

Figure 4.5 Views of the 13 February 2018 Rockfall from the Hillside behind Queen
Mary Hospital (Incident No. 2018/02/2151)

4.6 The 19 August 2018 Boulder Fall from the Natural Hillside above Shatin Pass Road,
Wong Tai Sin (Incident No. 2018/08/2218)

On 19 August 2018 when Amber Rainstorm Warning was in effect on that day, a
boulder fall incident occurred on the natural hillside above a cut slope (Feature No.
11NE-A/C3) at Shatin Pass Road (Figure 4.6). The fallen boulder, with an estimated
volume of 0.25 m?, impacted a parked van at the slope toe resulting in damage of the door of
the van and temporary closure of the affected road section. No casualty was reported as a
result of the incident.
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Shatin Pass Road

Van damaged by the
fallen boulder

,
TR

‘P-hotograph extracted fr pple baily

Figure 4.6 View of the 19 August 2018 Boulder Fall from the Natural Hillside above
Shatin Pass Road, Wong Tai Sin (Incident No. 2018/08/2218)

5 Conclusion

Rainfall recorded at the HKO’s Principal Raingauge at Tsim Sha Tsui amounted to
2162.9 mm in 2018, a deficit of about 10% comparing to the mean annual rainfall of
2398.5 mm between 1981 and 2010. In 2018, three Landslip Warnings were issued on
7 June, 29 August and 16 September 2018. Of the 253 genuine landslides, 12 were major
failures, 164 were minor failures and 77 were very minor failures with negligible
consequences.

There were 16 landslides in 2018 with notable consequences. Of these landslides,
one resulted in damage of a storage structure, a container and several vehicles as well as
temporary closure of a road, one led to a permanent evacuation of a squatter dwelling, two led
to temporary evacuation of squatter dwellings and three resulted in damage of vehicles. The
remaining nine landslides resulted in temporary closure of roads. Other landslides in 2018
primarily affected open areas, footpaths or minor access roads, catchwaters and a construction
site without any significant direct or indirect consequence. No injury or fatality was
reported as a result of the landslides.



38

6 References

GEO (2007). GEO Technical Guidance Note No. 15 (TGN 15) — Guidelines for
Classification of Consequence-to-Life Category for Slope Features. Geotechnical
Engineering Office, Hong Kong, 14 p.

GEO (2018). GEO Circular No. 3 — Non Development Clearance (Slope Safety) of
Squatters. Geotechnical Engineering Office, Hong Kong, 19 p.

Hong Kong Observatory (2019). The Year'’s Weather - 2018. Hong Kong Observatory,
Hong Kong, 8 p.



39

Appendix A

Some Selected Rainfall Parameters for the Three Rainstorms
with Landslip Warnings issued in 2018
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Table A1 Some Selected Rainfall Parameters for the Three Rainstorms with Landslip Warnings issued in 2018

197

Rainstorm 5-min 10-min 15-min 30-min
Max. rainfall| Raingauge |Max. rainfall| Raingauge |Max. rainfall| Raingauge |[Max. rainfall| Raingauge
(mm) Station (mm) Station (mm) Station (mm) Station
6-9 June 2018 13.5 H28, N19 25.5 N19 37 N19 63.5 H28
29-30 August 2018 12.5 N45 23 N45 32.5 N41 54.5 N41
16-17 September 2018 8.5 H29, N49 15.5 N10 22.5 N10 43.5 N28
Rainstorm 1-hr 2-hr 4-hr 5-hr 6-hr
Max. [Raingauge| Max. [Raingauge| Max. [Raingauge| Max. [Raingauge| Max. |Raingauge
rainfall Station rainfall Station rainfall Station rainfall Station rainfall Station
(mm) (mm) (mm) (mm) (mm)
1| 6-9 June 2018 101 N46 139.5 N46 183 N46 189.5 N46 195.5 N46
2 | 29-30 August 2018 75.5 N31 126.5 NO05 218.5 NO05 254.5 NO05 282 NO5
3 | 16-17 September 2018 64 NO7,N37| 108.5 N37 171 N19 187 N37 208.5 N19
Rainstorm 8-hr 12-hr 18-hr 24-hr 48-hr
Max. |Raingauge| Max. |Raingauge| Max. |Raingauge| Max. |Raingauge| Max. |Raingauge
rainfall Station rainfall Station rainfall Station rainfall Station rainfall Station
(mm) (mm) (mm) (mm) (mm)
1 | 6-9 June 2018 203.5 N46 209.5 N46 221 N46 323 N41 428.5 N41
2 | 29-30 August 2018 301.5 NO5 317 NO5 365.5 NO5 381.5 NO5 458.5 N34
3 | 16-17 September 2018 | 241.5 N37 270.5 N37 312 N37 343.5 N37 350 N37




Rolling Period rltfh?;ﬂr?rlrll?llg Station
Smin 13.5 H28,N19
10min 25.5 N19
15min 37 N19
30min 63.5 H28

1hr 101 N46
2hr 139.5 N46
4hr 183 N46
Shr 189.5 N46
6hr 195.5 N46
8hr 203.5 N46
12hr 209.5 N46
18hr 221 N46
24hr 323 N41
48hr 428.5 N4l
0 25 S5km
L 1
scale
Legend:
° Minor or very
minor landslide
~ 120~ Isohyets in mm
Notes: (1) Isohyets are based on the GEO and HKO raingauges. The maximum rainfalls in the table are selected from the GEO Raingauges.

(2) Thirteen genuine landslides reported to have occurred within the period between 6 June and 9 June 2018.

(3) Please refer to Figure 1 for locations of raingauge stations.

Figure A1 Maximum Rolling 24-hour Rainfall Distribution for the Period between 6 June (00:00) and 9 June 2018 (24:00) and

Locations of Landslides

4%



X

Q Rolling Period rl\:iz‘i);]lr?nnnmrﬁ Station
Smin 12.5 N45
10min 23 N45
15min 32.5 N41
30min 54.5 N41

lhr 75.5 N31
2hr 126.5 NO5
4hr 218.5 NO5
Shr 254.5 NO5
6hr 282 NO5
8hr 301.5 NO5
12hr 317 NO5
18hr 365.5 NO5
24hr 381.5 NO5
48hr 458.5 N34

0 25 S5km

I —

scale
Legend:

Minor or very
minor landslide

Major landslide

— 190 —_ Isohyets in mm

Notes: (1) Isohyets are based on the GEO and HKO raingauges. The maximum rainfalls in the table are selected from the GEO Raingauges.

(2) Sixty-five genuine landslides reported to have occurred within the period between 29 August and 30 August 2018.

(3) Please refer to Figure 1 for locations of raingauge stations.

Figure A2 Maximum Rolling 24-hour Rainfall Distribution for the Period between 29 August (00:00) and 30 August 2018 (24:00)

and Locations of Landslides

Sv
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X

{| Rolling Period ZQE{% Station
Smin 8.5 H29, N49
10min 15.5 N10
15min 22.5 N10
30min 435 N28
1hr 64 NO07,N37
2hr 108.5 N37
4hr 171 NI19
Shr 187 N37
6hr 208.5 N19
8hr 241.5 N37
12hr 270.5 N37
18hr 312 N37
24hr 343.5 N37
48hr 350 N37

0 25 S5km
I N
scale
Legend:

Minor or very
minor landslide

Major landslide

— 200 —_ TIsohyets in mm

Notes: (1) Isohyets are based on the GEO and HKO raingauges. The maximum rainfalls in the table are selected from the GEO Raingauges.

(2) Twenty-nine genuine landslides reported to have occurred within the period between 16 September and 17 September 2018.

(3) Please refer to Figure 1 for locations of raingauge stations.

Figure A3 Maximum Rolling 24-hour Rainfall Distribution for the Period between 16 September (00:00) and 17 September 2018

(24:00) and Locations of Landslides

14
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Appendix B

List of Landslide Incidents Reported to the Government
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GEO PUBLICATIONS AND ORDERING INFORMATION
T HTEEAVIRETREERR

An up-to-date full list of GEO publications can be found at the
CEDD Website http://www.cedd.gov.hk on the Internet under
“Publications”. The following GEO publications can also be
downloaded from the CEDD Website:
i. Manuals, Guides and Specifications

ii. GEO technical guidance notes

iii. GEO reports

iv. Geotechnical area studies programme

v. Geological survey memoirs

vi. Geological survey sheet reports

Copies of some GEO publications (except geological maps and
other publications which are free of charge) can be purchased
either by:

Writing to

Publications Sales Unit,

Information Services Department,

Room 626, 6th Floor,

North Point Government Offices,

333 Java Road, North Point, Hong Kong.

or

- Calling the Publications Sales Section of Information Services
Department (ISD) at (852) 2537 1910

- Visiting the online Government Bookstore at
http:// www.bookstore.gov.hk

- Downloading the order form from the ISD website at
http://www.isd.gov.hk and submitting the order online or by
fax to (852) 2523 7195

- Placing order with ISD by e-mail at puborder@isd.gov.hk

1:100 000, 1:20 000 and 1:5 000 geological maps can be
purchased from:

Map Publications Centre/HK,

Survey & Mapping Office, Lands Department,
23th Floor, North Point Government Offices,
333 Java Road, North Point, Hong Kong.

Tel: (852) 2231 3187

Fax: (852) 2116 0774

Any enquires on GEO publications should be directed to:

Chief Geotechnical Engineer/Standards and Testing,
Geotechnical Engineering Office,

Civil Engineering and Development Department,
Civil Engineering and Development Building,

101 Princess Margaret Road,

Homantin, Kowloon, Hong Kong.

Tel: (852) 2762 5351

Fax: (852) 2714 0275

E-mail: ivanli@cedd.gov.hk
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