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ABSTRACT

Much of the Hong Kong landscape consistglefisely vegetated steep hillside and may give the
impression of natural terrain untouched by maade activities. However, much evidence of old
human activities occain our vegetated landscape. The old lead mine workings in the Lin Ma Hang
district of the northeast New Territories form a significant industrial heritage site now hidden by
dense vegetation. Extensive old anthropogenic activities are seen in site reconndiéssinoé

the manmade features were formed during the mining period (188D) ad the WWII (1941-

45) occupation of the mine sitBomefeatureshave more obscure origins associated with cycles of
agricultural activity and settlement of more than 1000 years. The unique and diverse nature of the
Lin Ma Hang hillsides provides an ideehse study to demonstrate the benefits of systematic
assessment of anthropogenic features in Natural Terrain Hazard Asse&onanf these man

made features may create impacts as potential adverse Hillside Pocket scenarios and require
inventory and clasfication during natural terrain hazard aother geotechnical studiegHo &

Roberts 2016). Over the past decade, the application of airborne LIDAR data for site
characterization has grown significantly, in part due to advances in handling of very large data sets.
Through 3D topographic models using LIDAR in combination with visual data, lanslfarm
revealed and terrain classification is enhanced allowing identification of anthropogenic features of
varying scale and origin within their geomorphological setting. The authors discuss the application
of a digitally aided approachfor terrain mappingwith emphasis on the identification and
classification of anthropogenic features based on size, type, origin, material, extent and location.
These are classified within a Hong Kebgsed framework adn80 class classification following

from Styles & Law(2012).

Keywords: Anthropogenic classification, Geospatial analysis, Natural terrain hazards, Mining and
heritage

1 Introduction
1.1 SiteDescription

The Lin Ma Hang Lead Mine is an abandoned mine site operated intermittently from 1860s until 1962.
The site is located in the Sha Tau Kok area of Hong Kong and nottte Bfo b i n 6 (BlundNFas t
Leng,+492nPD). The lower slopeaboutthe Lin Ma Hang and $hTau Kok Closed Frontier Rosd
onthe bordemwith ShenzhenThe Lead Minds a significant historical mining site witarich heritage
linked with the local villagesnda legacy of military conflicprior to and during WW. The Natural
Terrain Hazard $idy Area (NTH®\) is thecatchment above the entrance to the Mdawern Atrium
to the north and south. The NTHSA has an area of some 4.5 ha and rises from an elevation of about
+184mPDin the Cavern Atriunat the toe to +328mPD at the sumsote280m upslopgFigurel).

Mining at the Lin Ma Hang can be traced back to the 1860simrtba of the Portuguese Workings
adjacent to the Frontier Closed Road to Sha Tau Kok. The main mining activities commenced in 1913
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operating intermittently under the control of several mining companies until 1958 Smlallworking
by the Japanese occed from 1941 to 1945 during/WII. In 1962, the Government rescinded the
VY el vl

\E-‘

LIN MA HANG |
LEAD MINES |

P

mining lease and the mineas abandoned.

Figure 1: SiteLayout Cyan is the Project Study Area; green is the Mine Caveagemtas the NTHSA
boundary; gllow is theSSSlboundary

While theterrain in theNTHSA is generallymaskedoy moderate to dense vegetatientensive old
anthropogenideatures associated with cycles of agricultural activity, past mirpngspectingand
military activity are sea during sitereconnaissancelhey consist ofremnants ofmining works
including rubble wals, concrete platformsbuilding ruins,adits and shafts, opamts, water tanks,
prospecting, military trenches and associated featlresinants o¥ery oldagricultural practiesalso
existwith rubble wallterracesand earthen steform terracesTogether, the oldnthropogenideatures
form a @pali impps et e diuasin atthueerraghséiiresraerdss tiykin Ma Hang
hillsides(Ho & Roberts, 2016)

1.2 Reviewof Terrain Classification

Regional and district scale systematic terrain classification in Hong Kong commenced in the late 1970s
as part of the Geethnical Area Studies Programr{t&tyles & Hansen1989). Over the following
decade regional studiesntinued apace with many applications including computer generated maps
(GEOTECS). The purpose of the GASP was to:

1. form aterrain classification inventory of physical land attributes (slope gradient, aspect, superficial
in situ geology, mamade slopedatures, developed/undeveloped land, erosion and instability
using the geomorphological mapping techniques of aerial photograph interpretation (API) and field
mapping; and

2. better understand the nature and distribution of landforms and instability usargety of user
oriented derivative maps for plangimand land management purposes.

In the 1990s and early 2000s terrain related studies in Government (GEO) focused more on targeted
investigation with a departure from systematic dyasedmulti-attributeterrain classification approach
to more conventional dataptureHaving reduced landslide risk associated with much afebstered
manmade slope featuras the Territory, attention transferred tandslide hazards andstability on
natural terrainThe 2400 natural terrain landslides on Lantau in June 2008 reinforced the needyfor stu

Proceedings of The HKIE Geotechnical Divisiof%4@nnual Semina(GDAS2022)
335



Digital Classification of Anthropogenic Features for Natural Terrain Hazard Assessmerd é é é é

and mitigation. Many of the earNatural Terrain Hazard Studiesthe mid2000s and the 1963ased
relict landslide mapping in the ENTLI in 20@B further confirned the first APIbased Site Histories
in 1978 revealing old anthropogenic activitiesn undeveloped hillsidesStyles & Law (2012)
highlighted somefeatures and impactn slope stability ranging fromradverse, benign to beneficial
depending on the enginégg geological settings

A shift in policy to remove Registered Disturbed Terrain features from the Catalogue of Slopes,
coupled with a growing acceptance of the neadtagrateold anthropogenic features on natural terrain
led to a Hillside Pocket(HP) approactbeing included in Natural Terrain Hazard Assessment with the
revision of GEO 138Ho0 & Roberts 2016). Inventoryof anthropogenic features in NTHA provided a
potential method of applyintipe HP-Pocket approacim a systematic mannddigital methodenabled
by airborne LIDAR integrated with APand field reconnaissandecame a pragmatic method for
mapping and identifation of adverse settings.

Parry & Jonas (2007) discussed the use of LiDAR pilot study work for landslide hazard assessment
in Hong Kong.With the first Territorywide airborne Light Detection and Ranging (LIDAR) suriay
2010(Lai et al, 2012Yigital data became readily availatbte NTHS and streamlined systematic site
characterization. Opportunities for automated mapping however, were limited by the restricted abilit
to process and manipulate very ladgta sets.

Application of LIDAR-derived DEMbased terrain classification has been discussethaysin terms
of different data processing methodologies. Sas et al. (20éjribedthe identification of old
agricultural terraces using Topographic Position IndexI)(Tépplied to LiDARderived Digital
Elevation Models@EM). Tam et al. (2017integrated TPl and slope gradiemd morphologicadlata
in GIS forautomatedjeomorphological mappirig anAutomated Integrated Mapping SystéiMS).

With the everimproving ability for hi-resolutionLiDAR penetraibn of surface vegetation, detailed
ground information can be capturad point cloud. High resolutioncapture and processing enable
guality DEMs. Many approaches are available given advances in software and large data management.
The DEM enablandirect mapping in software such as Geographic Information System (@&I5)
derivation oftopographic data of slope angle, aspaud detection of landforthanges and mamade
features.

With the improvement in LIDAR data resolutiaeflected in the2020 Territory-wide survey
advancesn data collection technique®upled with processing enable a range of presentatidres. T
concept of automateldEM-based terrain classification can be appliethsystematic identification
and characterizatioof anthropogenic features different sizeand origirs. Classificationof manmade
features ismportantin assessing the potentiafigdversé Hillside Pocket scenarios during NTH&d
join the five hazards (OHL, CDF, RF, BF & D®)r consideratiorfHo and Roberts2016).

2 Methodology
2.1 Source ofdata

Themost recenT erritory-wide aerial LIDAR survey was conductédm Deember2019 to Fehuary
2020 by the GO (Wong, 202]) to obtainanairborneLiDAR point cloud dataset. Processed ground
return LIDAR data was used to generaigh resolution DEM for the sit€EM can beinterpolatedn
ArcGIS Desktop lQusingvarious spatial interpolation algorithms such as Inverse Distance Weighted
(IDW), Triangulated Irregular Network (TIN@and Kriging. TIN model was usedvhich generally
provides higher resolution in areas that are highly variable and preserves precision of the input data.
A 0.25m nodedistancen relation to the 0.2Bn maximum point spacing for the 2020 LiDAR dataset
was adoptedThe choice of DEM cell size depends on the density of point cloud data and thefscale
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the study. A finer cell size was adopted in #tisdy in order to identify anthropogenic features which
are ofteraround0.5m in elevation

2.2 Digital Terrain Mapping

GIS interprets landurface morphologin uniform grid squares, each grid isreferredite a fAcel | 0 c
raster surface. In a raster, every cell is given a value. A digital topographic model thatasttaes
valuesfor terrainelevation is a Digital Terrain Model (DTMArcGIS software is capable of harnessing
geospatialinformation of a DTM by mathematical abstraction to produce maps fuaksation
modelling and analysis.

Slope gradient is major mobilisation factoassociated witlslope processeSlope gradient data &
primary input in terrain classification deed from the DEM. Slopgarameters aralentified by
steepnesm each cell. In relation to slope raster, the lower the slope value, the flatter the terrain; the
higher the slope value, the steeper the ter@liope gradient can be combined with morphgland
aspect to refine determination.

2.3 Natural Terrain Hazard Assessment

The sitei s consi derwede daso pbedne nssped ye 6 amdroypBHacilityce wai t
according to GEO Report No, 138'{£d.) (Ho & Roberts, 2016androute upgrading will occuas
part of the proposethine caverrenhancementinformation boardeind educational facilitiewill be
construced within and along walkway The large mine cavernwill be used forsome educational
display andshelter in adverse weather
The NTHA is predominantly nortfiacing hillside, with slope gradients exceeding 15° within some
100m upslope from the Caverrs. accordance with GEO Report No. 138@d.) (Ho & Roberts,
2016),the guidelined o r i | nand fwtker stneaming in respect of natural terrain hazaels
fulfilled .

3 Applications in Lin Ma Hang
3.1 NTHS in Lin Ma Hang

The Natural Terrai Hazard Study Area (NTHSA) guasinatural hillside predominantlyunderlain by
coarse ash crystal tuff of the Tai Mo Shan Formation. Desk study invaviegiew of elevation data

Plate 2 Aerial photograph in Plate 3: Aerial photograph in
Plate 1 Aerial photograph in 1924. The 1945. The cavern atrium, man 1986. The last year that most «
cavern atrium, tailings dumps, openc: t ai | idepapitsd shafts, mine the old workings andemnants
and numerous shafts amdmnants of workings, military treches and of terraces are evident befor
old terraces are evident. associated activities occur. being masked by vegetation.
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and Aerial Photograph Interpretation (API) reveals extensive eviderald ahthropogenic activities
within the terrain.

The fconeom@phalogitabmodel is based on detailed API integrated with the 2010 and
2020 LiDAR and field reconnaissance as part of the traditiNii&A approach. As the information
collection developed, the need for a more compreherssyiseematicapproach tdoeter classifythe
terrain model wasecessaryDue to the diversity and quantity of the anthropogenic features present,
an automated approach was explored. The X82#e 1}, 1945 (Plate2) and 1986 (Plate 3)aerial
photographshow the diverseange of anthropogenic featurés.1986 in particularareas of bedrock,
drainage lines,and zones of colluvial depositiorare evident After 1986 the NTHA becomes
progressivelymoredensely vegetated i quasigay cansistsuof tné terr
moderately steep norfacing triangularshaped hillside catchment, niasum elevation +330mPD,
with a small section of southedsicing open hillside catchment on the upper terraising to
+220mPD. A circular basitike catchment imortheast of the mine. The lower sections of the three
catchmentsneet along an eastest trending incised valley at about +185mPDe Tineatriumis at
the toe From the early 1990s, the ground surface, and with it most evidence of tmeipasictiviy,
has been almost completely obscured byetlexincreasinglensity of vegetation. Recent aerial LIDAR
surveys in 2010, and 2020 in particylaas enabled improved systematic characterization of the terrain
surface revealing the morphology of the gueesiural ground surfacé&ield mapping wasn July to
August 2021 to verify ARI LIDAR and desk study findings, and determine the geological,
geomorphological and hydrological conditioRgeld work focused on mapping the regolitndslide
features, topographic depressions, drainage lines, prominent rock outcrop, boulders, water inflow,
traces of seepage and the extensive impacts of mining related an@mti@pogeniactivity. The
overall geomorphological characteristics detmine are consient with those identified iAPI
integrated with the 2020 LIDAR data.

3.2 Digital Terrain Mapping in Lin Ma Hang

Utilizing the DTM patternsderived fromLIDAR, Hillshademodelsare derivedFigure 2) including
slope anglemorphology, drainage patterasd catchment zones. These data layers form the foundation
of the ground model for terragiassification as well as théroadergeomorphological assessmehhe
concept ofdigital terrain mapping systewan be illustrated biighlighting featuresin Lin Ma Harg
usingGIS relatedtoolsfor automatedspatial analysis.

Open Cut

____ The Caverns

Tailings Site

L~ L5 Entrances

Figure 2: Hillshademodel derived from 2020 LiDAR. Numerous platforms, terraces, tailings/spoil deposits,
excavations, adits, shafts, military trenches, pathway networks and slope failure.
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The first aspect isreakin-slope(BiS). From the DTM, slopes are representbgdoercerdge rise. To
identify breaksn-slope, percentage change between adjacent slope planes are observed. The concept
of the tool is to distinguish conditismvhere adjacent slope planes are at la&fi% change to produce
breaksin-slope on the rast surface. The tool is based on the [SLOPE (Spatial Analyst)] geoprocessing
tool modelled in ArcGIS Pro. Slope gradient of the DTM is calculated in terms of percentage rise.
Where rise equals run, the percentage would be 18id34ations greater tham45degree slope will be
greater than 100%; and the percentage decreases as the slope flattens. A slope raster is formed in the
same extent as the original DTM. Where the percentage rise is larger than 70%, the raster will flag to
indicate BiSThis resulsin a raster with binary values: 1 is BiS; 0 is not. To optimise visualisation, the
results can be modéd to show only BiS (value: 1An extract of the outcome is illustrated against the
hillshade(Figure 3)to verify the accuracy of the result. Site reconnaissance was conducted to identify
BiS and results were documentedHigure 3b A comparison oftte same extent against the Bif®lt
results (imagén Figure 3ajkuggests that theol produces comparabler, finer detail.

~_ — A _ CONVEX BREAK-IN-SLOPE
—Y— ¥ CONCAVE BREAK-IN-SLOPE

\ |
DN

_ Ll s i
Figure 3a & b: Compal

data; b. BiS identified in site reconnaissance.

The second featurs shaft detection.Site reconnaissanddentified shafts orsometerrain mostly
hidden by tree canopyhese shafts are generally shallow (~2m) with wide opening; or deep (~10m)
with small openings. The study recognised them as historical shafts for mgudssimlence sinksome
possiblyfrom collapsed mine roadr leads When viewed wittHillshade the shafts are easily visible
by eye. However, the output is in raster graphics that displays a 3D representation of the shafts by
shaded reliefln further analysis, separatykis will be exported taepict the outline of the shafts. A
tool is developed to outline these shaft featimdke terrainNaturally, each cell in the DTM raster has
8 neighbouring cells. Based on the gridded terrain, the tool identifies the elevatienof each
adjacent cell. Once adjacent cells are identified, the corresponding elevation of the middle cell is
compared against that of all neighbours. ASinksbo
of the DTM for ones where no neigburing cells have lower elevation. A smoother new surface raster
with no sink is created.

This new surface is envisaged as a piece of cloth draped over the terrain. This surface will have
artificially removed topographic features suchsabsidencesinkholes and extrapolate them into a
smooth facadelhe devation value of the original DTNrepresentation of the actual landform) will be
subtracted by that of #smooth surface. By doing so, not only can sib& identified, the subtraction
also produces a difference in elevation between the 2 surfaces arsthygettbpth The tool is based
on the [FILL(Spatial Analysf)geoprocessing tool modelled in ArcGIS Pro. The original DTM is filled.

An algorithm was used to locate and fill or remove all depressions or sinks in thevibien there is
no flow from one cell to another within a concegdtinydrologi@l system. The DTM surface is

Proceedings of The HKIE Geotechnical Divisioi@nnual Semina(GDAS2022)
339



Digital Classification of Anthropogenic Features for Natural Terrain Hazard Assessmerd é é é é

processed such that any sinks or peaks are removed by iteration until the surface is sifloisttcea
acts as a firspass to identify shafts in which precision can be adjusted to fitrifltpieness of each
terrain. One of our models is shownHigure4.

Figure 4: Sink and peak detection

Cell values of the filleeDTM arecompared against the original DTM on a dsltcell basis. A map
algebra will calculate the difference between the filled and ralgDTM to find areas were fill
occurred by how muchandwhich should correspond todations and depth of these sinkhe result
of the tool is a raster registered with attribute indicating the d€jglare5). The tool result is verified
against theHillshade Key sinks and depressiorare outlined to reveal some very fidetailincluding

depth.
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Figure 5: Depth analysi®f sinks and excavationsnly those sinks that are defined by the input parameters
are shown.

The thirdfeatureaddressesraces of other anthropogeractivity that are apparent based on slope
gradient. For example, slopes with gradient more than 5 but less than 60 degrees could be conceived as
natural terrain and quasatural terrain; or less than 5 degrees, as platforms. Similar to the BiS tool, a
procedure § formulated based ote [Slope (Spatial Analyst)] geoprocessing tool in ArcGIS Pro.
Instead of the percentage rise, slope angle in degree is calculated from the DTM by the steepness of the
elevation value of the raster: the lower the flatter, and vicgavé\ customised range of slope angle is
then set to displapotentially correspondingnthropogenic featurés mapform. A plate overlaying
the tool result o the terrain is verified against phgt@aplsin site reconnaissance (Figuge
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3.3 Classification of Anthropogenic Features

Extensive gidence of anthropogenic activitiescurs within the NTHSAThese include:

6pl atf or mod
clusters;

b.

features.
Pl atform

a) remnants of earthestep and rubble wall terraces associated with past syafieold
agricultural activity;
b) excavations related to th@ne cavern, shaftsdits;
¢) deposits of spoil/ tailings;
d) cut and fill slopes associated with mining activities;
e) military trenches and platforms;
f) cut platforms associated with other military security actiatygl
g) footpaths and other mamade cuts and chansel

The environs of the mine have been extensively disturbed by mining and military activity with
numerous anthropogenieatures identified through API integrated wi#®20 LIiDAR and field

mapping.

There is also evidence of older extensive remnants of easteprform agriculture and some rubble
terraces. Some of these old anthropogenic features resemble landslide scars and tendika crack
breaksin-slopewhich in API, and sometimes ithe field, are difficult to distinguish. According to
Styles & Law (2012) similar features agaite common on natural terrain in Hong Kong and need to
be considered on easeby-casebasis. The impacts on slope stability may be beneficial, benign or
adverse depenadg on the geomorphological setting.

According to the observations from the API, the majority of the hillsides near the mine have been
disturbed by the anthropogenic activity in the past with impacts on the current landforms creating much
i g u-aa i u nraid. dhe main types of anthropogenic activity are based on the observations from
the API integrated with 2010 and 2020 LIiDAR and reconnaissance field mapping. There is much
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evidence ofHillside Pocket (HP) Settings GEO Report 138 (GEI16). The anthramenic
classification provides an inventory of the main foensountered in the area (Table 1 & TableT2e

classificaton scheme arises from StylesL&w (2012). The classification will be further refined with
ongoing field work related to the projeGi. Some of these features are described below based on

information collected through treutomatedools integrated with APand field mapping.

Table 1: Observed anthropogenic features

. A rock adittunnel southeast of the mine (Pld)ehe portal cutting into a northwest facing natural slc

The adit leads to two deamhds some 16m long. Three stepped cut platforms, each of them arou
high, are adjacent to the portal whilst local subsidennetisd near the platform$he steep portal cut i
indicated by slope gradient >60°.

. Arock cut vertical shaftPlate 9 to the southwest of the atrium, adjacent to the-made channel abot

2m by 2m opening and some 8m in depth. The shaft is connected to an adit inside the mine.

A platform with a rubble wall about 1m high and 18m long was identified adjacent to agdrdiima
Another cut platform, about 2.5m high with remnants of a pad foundation was identified slightly na
of the stepped platform at the eastern edge of theTsigeterrain is marked as being <20m in length |
with a gradient of <5°.

iv. Remnantsf earthen stefiorm terracesand old rubble wall terracasn the planar hillslope betweg

drainage lines were observed in APl and were confirmed during field mapping. The terrain is charg
by remnants of a contodike stepped profildormed by vey old terracesThe platforms are small ar
linear, and are about 0.5m high and less than 2m wide.

A military trench systenoccursat the crest of slope north of the mine. The trench is about 0.5m wid
1.5m deepxircular in natureandis clearly evidat in 1945 aerial photographs and the 2020 LiD/
Further trenchs or cutsabout 0.5m wide and 0.3m deepene recognised downslope and may
associated with military activityThe small scale of the cut, <6m, and shallow depth mean it is diff
to detet in automated tools. The steep cut slopes, > 60°, are easily identifiable asmsaks.

Vi.

Man-made feature no. 3NBE/C78 isa concave depression characterised by a landstielscarp break
in-slope probablyassociated witimarnrmade cutting and disturbance.

Vii.

Three old potential water storage excavations identified near the mine. Two are adjacent to a drai
whilst oneis in a rubble wall platform.

viii.

A U-channelatthe edge of the tailings site. At present, water flows from thenmaae channel into th
mine and via an adit towards the tailings site. Flows are collected by andaidrdel on the tailing:
before discharigg into the natural drainage line to the northeast.

. Barbed wire traversing the hillslope southwest of the mine was apparent in the API. During tf

mapping, remnants of the barbed wire and associated gates are scattered around the terrain
consistent with the API observations.
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Plate 4: Adit identified by LiDAR Plate 5: Shaft identified by LiDAR
integrated with API and field mapping. integrated with API and field mapping.

Theautomated spatial analysis ta®hble to identify most features and faram initial layer for terrain
mapping analysisRemnants of rubble wall/concrete platforms with building rutadings/ spoil
deposits (Plate 6)jnine adits and shafts, opents(Plate 7) water tanks and oth&vorkings, together

with military trenches and associated activity, fortuitous prospecting, as well as very old remnants of
agricultural practices with rubble walls and earthen-ftem terracesre all observedrhe definitions

and general descriptiord anthropogeit featuresn the Lin Ma Hang areare contained in 8ble2.

The classification forms part of an overall 80 class system for the territory (Styles & Pook, in prep.).

Plate 6: Tailings / spoil deposits identified b Plate 7: Open cut identified by LIDAR
LiDAR integrated with API and field mapping integrated with API and field mapping.
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