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Words from the Editor TABLE OF CONTENT

In this issue of the Hong Kong Geographer, a number of articles gng
worksheets were prepared on the teaching of Drainage Basins whig ords from the Editor
is considered by Geography teachers as one of the most difiic '
topics to teach. Dr. Peart from the Hong Kong University ble of Content
contributed on the Drainage Evolution and Hillslope Systems.
discussed the key concepts and suggested fieldworks that are
practical to all geography teachers. In addition, part of the works
prepared by fellow teachers in the Field Study Camp held eardy t
year in the Kadoorie Agricultural Research Centre were included
this issue. We hope members will find these worksheets together ;
Dr. Peart's article useful in teaching the drainage basin. Other®
worksheets prepared at the Field Study Camp will be published in
coming issues together with other articles by Dr. Peart on teac 1 Jsing Spreadsheets to Teach the Concepts of
fluvial processes and weathering systems. e " River Velocity

Mr. To Ka Yan, a computer nut in the teaching of Geography,
written on the use of content free software to test the Manni amn Report
equation. Mr. To has also kindly agreed to share his data file ;

other users. Anyone interested in his exercise can send me..
stamped and strong envelope with a diskette for a data file.

This is the first time | write an editorial foreward. Without the ki
permission and support of Dr. 8.M. Li and the contributors to this
issue, it would have not been possible. Besides, assistance given by’
the members of the editorial board is very much appreciated. To all of
them, | should express my deepest gratitude.

K.M. Yeung

* Please send your diskette to Rm 1461, Country Park Secﬁ,
Agriculture and Fisheries Department, Canton Road Governme
Offices, Canton Road Hong Kong :
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' debris transport in the two systems resultant upon a rn'l.lt_u;?.l
of valley side slope and channel gradients. This relationshipis
B Figure 2 and indicates that as slope angle increases the cl'l.al:lpel

éﬁeepens. However, there is some evidence that the positive
et " petween slope and channel gradients may not apply
¥ For example, the studies of Carter and Chorley (196l) and
“ suggest a negative relationship between slope and channel

" Moreover, Summerfield (1976) was not able to find a
L petween slope angle and channel gradient, These, at first,
ﬁndings need to be placed in perspective.

The Teaching of Drainage Basin
I. Drainage Evolution and Hillslope System

by
M.R. Peart
Department of Geography and Geology
University of Hong Kong

INTRODUCTION

as Richards (1977) states the relationship between slope
;-:tream gradient must be investigated under conditions of
scharge. The association between stream and slope angles
. carried out for individual order or magnitude streams. We

Chorley (1969) proposes that the drainage basin is the fundamental
unit within which to examine hydrologic and geomorphic systems. Therg.
are many topics suitable for teaching in schools involving the drainag
basin. This discussion paper is, therefore, forced to select some topics ihat Strahlers (1950) work refers to second o s bas.i!'ls.
interest to the teachers. Discussion will be made of the geomorphic unity : B e (77 b A e i
of the drainage basin and hence the functional link between slope and ; 51‘.01’3?: ol channel gradients for first order streams but ks to
channel systems. Hillslope erosion and hydrology will be examined, O i, correlation in fourth order stream e LTlhis
77) suggests may be due to a less sepsiti-._re association
e and stream for higher order valleys which, in par‘t,lres-.uts
plain development. Summerfields (1976) failure to find an
* hetween stream and slope gradients may result from his
observations from streams of several orders. It should a!sc-
S od that as Richards (1977) points out the lack of correlation
slope and channel gradients may result from the ability of a
adjust cross-section form in addition to gradient. Moreover,
apment of flood plains may cause the link between slope and
hecome obscured (e.g. Richards, 1977). Therefore, if studepts
2 correlation between the two variables these alternative
lons may be cited. Richards (1977) also indicates that different
s delivering sediment to the channel system may complicate the
eation of slope angle-basal stream gradient relationships.

HYDROLOGY AND DRAINAGE BASIN EVOLUTION

The association between weathering, slope erosion and rivers is
shown diagramatically in Figure 1. This tells us that there is a
relationship between slopes and streams. We can regard the slope and
river systems as part of a continuum. The action of the river may .
influence slope process and form, while slope processes, through th
supply of debris, may govern stream activity.

Students can get much benefit from investigating the relationshi ;
between slope and channel gradients. A number of examples show th
link between slope processes and stream activity. Slaymaker (1972),
working in mid-Wales, UK, monitored sediment supply to the channel
system. He found that in six basins sediment supply matched removal
and this may indicate adjustment of form to process. The stream would
neither erode nor deposit. In three basins removal exceeded supply and
degredation of the stream occurred while in one catchment aggradation
resulted from an excess of sediment reaching the stream.

al evidence of the functional relationship between slopes and
provided by Strahler (1950) who reports that undercut slqus
reater angles than those not being actively eroded. TI;:e. is
diagramatically in Figure 3. Moreover, we can use these findings
ti i i mment upon slope decline, as opposed to parallel retreat, as
An additional piece of evidence that can be used to examine the bt slope_evolution. Where sediment sup oly from the slope is in
association between slopes and streams is to examine slope form as : % the basal streams capacity to remove it, or floodplain
represented by slope angle and stream gradient at the base. Strahler n prevents the material reaching the stream, colluvium
e oo o chanvl gradient can |  the base and ultimately decline results. In contrast if basal
be related by an empirical equation which implies a balance between on ensures removal of the sediment supplied from t.he slaﬁa
reat may occur if one ignores the pcﬁsib{e mclk c:lln"f at ; e
. These two situations are shown diagramatically in Figure 4.
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Figure 1: The association between weathering, slope pr \
0, SI0pe processes slope evolution and basal stream action
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Figure 2: The relationship between slope and channel gradient
as found by Strahler (1950) -
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Figure 3: The relationship between slope angle and basal

process
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stream action and slope

the relationship between
s o For example, Ruxton and

o5 to explain some of our landscape.
(1957) present a model of slope develop

ment on well weathered

o which has been heavily dissected. The model, shown in Figure 5,
ins why we often find boulders to be more pre_*urelant on the lower
ents of hillslopes. The heavy weathering associated with the upper

ing i he slopes.
ons prevents boulders occurring in the upper reaches of t
Cer, incision and slope erosion near the stream exXposes

e . oz
S i owever, stream _ s
i ders (in reality, corestones) associated with weathering 20"*9:;: aare

In such terrain weathering, stream erosion and slope proces

ed in the development of the landscape.




up fleldwork it may be necessary to use form _tc.
!Esﬂﬁcéfgcgg. I:IJ:mr example, Lam (1969) working on the granite
UF Hong Kong identifies four lateral belts, which are illustrated in
?:.n the hillslope each with a number of differing processes.
Lam (1969) shows how these belts may evolve with “m.E'
’up.on visiting a badland site could be askel.-d to assess the reality
odel.  This could be achieved by conducting a simple survey of
; Alternatively, measurement could be made of the extent of
F:F;ment on a hillslope. The objective of !:’.'E:ICh exarcise_shnmd
: strate the reality of erosion and deposition on the h'ns.":"p‘:".‘
or more benefit could be obtained f_rom a field visit :
;nent is made of infiltration, a hydrological parameter whlcf
i"[gsi[m by water on hillslopes. If rain is applied to the surface in
Eh' the infiltration rate, once the surface storage has been ﬁlle?l.
ow (sheetwash) may occur. When the infiltration capacity is in
oithe applied rainfall overlandflow will not happen.

The preceding discussion has indicated a number of Ways
illustrating the association between slopes and basal stream chann
Three projects suitable for student investigation emerge. These
firstly: investigation of the relationship  between slope and chan
gradient for streams of a given order. Secondly: comparison coylg
made of slope angles for slopes which are protected at their base
compared to those where basal erosion by the stream s taking pla
Data for all two studies can be collected from the field but the first
amenable to data obtained from maps. For example, Luk {1971) foun
that mean slope angles obtained from 110,000 topographic maps wera
comparable to those derived from field measurement. Strahler (1950) ang
Richards (1977) successfully used data obtained from 1:25,000 scale maps
to investigate stream-slope gradient relationships. BT

W3

THE HILLSLOPE SYSTEM

Erosion of slopes by water is an important process of landscy
evolution in many regions. The process of erosion can be considered
consisting of the following sequence of events: weathering-—detachment
-tfransport—deposition. With respect to  fluvial processes operating g
hillslopes the following affect detachment: rainsplash; the tractive effeg
of sheet flow; the tractive effect of concentrated flow in rills and gul{ies:
and pipeflow. Transportation may also be consequent upon the
processes,

aitration fs a relatively simple measurement _to make in the ﬁerdt:
‘one or two hours will be needed to obtain one. measuremen :
con for this can be ascertained t?yr considering the h_.rpﬂc:ia:1
on curve presented for two  sites in Hor_-g Kong preseg; “mé
‘Figure 7 tells us that infiltration rates typ:c_:a[ly decline wi i
ually reach a relatively constant rate. It 1_3 important to ‘.:IISEE_" o
te infiltration because, for much of a rainfall event, thm;;:j :

ation rate which governs runoff development. The met gacr
d determination of infiltration rates are given by Burt {In;}é

ely, Smith and Stopp (1978) or Goudie et al {1981 ) ca

It is suggested that these processes are not amenable to gro
fieldwork exercises. Process measurement involves repeat ocbservati
at one or more sites over a considerable pericd of time which may not
practical. However, surface lowering may be measured by erosion il
while sediment traps can be used to examine wash erosion. Spla
erosion may be quantified using splash traps/boards or cups. The!
processes may be suitable topics for individual projects. Furthermare,
sediment transport in gullies or streams may also be quantified. Students
wishing to undertake individual projects involving the study of erosion’
should be referred to either Goudie et. al. (1981) or Trudgill (1983) f
outlines of suitable methodologies. With respect to examining the spati
and temporal development of erosion.  Hansen and Nash (1985) indicat
that in Hong Kong aerial photographs may be a valuable source of d
They also suggest that they may enable gully erosion to be quantified.

: ta on infiltration for Hong Kong is available from tha‘ Ineratyre
..E"l presented in Table 1. Field measurement of :nfﬁtranon
can be compared to observed rainfall intgnsrtles pubILs‘hed :y

Observatory and the possibility of rainfall exceadmg_ tfﬁ
ation capacity, and hence, forming overlandflow assessed. If rain aﬂt
does not exceed Infiltration capacity we are rmt likely to g
flow and, therefore, no sheetwash, rill or gully erosion.

Hong Kong Geographer 7(3), 6
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Figure 6: Zones of erosion on granitic badlands and their
development with time (after Lam 1963)
1o

Table 1: Observed infiltration rates in Hong Kong (Lam, 1974)

LE o

JaNE W0 wis!® ENTHATE site Initial Steady
Description Infiltration State
; Rate mm/hr Infiltration

mm,/hr mm/hr

Vegetated
Slope 68% sand 58.1 40.42
':Bad]and
Slope 70%sand 40.82 19.87

s possible to utilise a field visit to some of the badland areas of
ng to illustrate the significance of infiltration in soil and slope
.- This may be achieved by showing that the measured or
ed infiltration rates are well below rainfall intensity.  Therefore,
Iiuw may develop, and hence, with It, rill and gully erosion. This
n be expanded to account for the fact that the gullies do not
0 at the divide but only at some point downslope. The explanation
‘according to R.E. Horton, upon whose classical model of runoff
this work is based, may be that at the hillcrest, although
may exceed infiliration capacity, it forms a sheet which has little
for erosion. However, at some point downslope Horton argues
nt overlandflow accumulates to overcome the resistance of
 grosion.

Figure 7: Infiltration rates for three sites in Hong Kong.
After Lam (1974)

[Scrubland chietly
Baeckea frutescens ]

&=
=)

pint at which erosion starts may also see the development of rill
ie area of hillslope where wash is ineffective as an agent of
ause of its inability to overcome the resistance of the soil is

{ Badland auriacel

I &2 D 0w roa 127 (£1.]

e belt of no erosion. Horton's model of hillslope erosion is
i Figure 8. Figure 8 also tells us that if slope angle declines we
&Epnsmﬂn of eroded sedarnent 2 The Hjulstrum curve is shuwn

Tima lapsed in mintes

Infiltration in mm s hr

_ pemhc particle size ranges If we reduce slope angle we may
se the velocity of overandflow. If the velocity of overandflow is
iclently the Hjulstrom curve tells us that deposition will accur.
also indicates that the coarse material will be deposited first
the finer sediments. At the base of some gullies where
occurs it may be possible to detect a lateral gradation in
and this may form

{ Grassland chiefly ] :I{ :In kN L] 1;!:!
Lepidagparma chinesis)

Time lapsed In minutes

T T T T T T 1
Fd-] Lo &0 L] 103 g 1o

ditional exercise.

Time lapsed in minules
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Figure 8: The Horton model of slope erosion
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Figure 9: The Hjulstrom curve which relates erosion,
transport and deposition to velocity
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The students attention should be br
ought to the fact t
completely vegetated _s[opes exhibit little sign of erosion. For engar:a;;:r
E}?: v:l?lelr ;vaelzzed ba%tljlhes are present. This may be explained as foilows.l
pos and slopes rainbeat can cause i
develop which lowers the infiltration capacity thereby :r:Jﬂc?t?:gc:;Gs;iD:?

ot yegetated slopes are likely to have high infiltration rates which
,'Sﬂl readily promote overlandflow. Vegetated slopes have high

rates in part because the organic content of the soil promotes
<tructure. Furthermore, the sealing effect of splash erosion is
. absent under a vegetative cover. Vegetation is also likely to

velocity of overlandflow which reduces the grosive capacity of
* Moreover, because of interception there is likely to be less
gaching the ground surface which may act to reduce the volume
" tor overlandflow which in turn decreases the potential for
However, field measurements of infiltration, or those from Table
etated slopes reveal that overlandflow is likely to develop.
. the reason for reduced erosion on these slopes lies in the
effects of vegetation against splash detachment which aids
P ent. The less evident erosion may also be attributed to the lower

& elocities which hinder entrainment by overlandflow. The reduced
me of runoff in comparison to bare slopes also serves to reduce the
Sunity for erosion.

prove possible to relate infiltration to slope form. [t can be
that where overlandflow becomes an effective agent of erosion
of material from the slope will act to increase slope angle.
with high infiltration capacities will generate little overandflow
ce it requires a greater length of slope to develop sufficient
runoff to overcome the resistance of the soil and initiate erosion.
antrast slopes with low infiltration rates will soon generate sufficient
10w to cause erosion and the upper straight slope and convexity
= reduced in importance. These contrasts may be reflected in
form and this is shown diagramatically in Figure 10. Chorley (1978)
s that the point at which overlandflow achieves sufficient depth to
erosion may coincide with rill development. It may be possible to
development to define the belt of no erosion. Furthermore, rill
pment may also coincide with an increase in slope angle.

consideration of erosion has focussed upon the badlands and
hbouring slopes. The argument can be widened. It has been
ssted earlier that erosion might be expected to be grealer on bare
n comparison to those covered with vegetation. The literature
s such observations. For example, Lam {1978) reports a much
sediment yield for the basin containing no badland in comparison
other basins. It should be noted that the basins are similar in all
Ects except vegetation cover. The data is presented in Table 2 and It
make a useful exercise for the students to account for the variation
ent yield between basins.

Hong Kong Geographer 7(3, 10 i
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It is also possible to widen the spatial coverage of slope erosion
Hong Kong which has so far concentrated upon the badland areas. .
(197) presents a model of slope morphology in the westemn Negw -
Territories which is presented in Figure 11. As Luk (1971) comments al| the 8
slope elements may not be present. He also describes the characteri
slope processes of each of these elements. This may be useful teaching '
material and is presented in Table 3. Table 3 reveals that for the mid.
straight slope transportation of material by mass movement and includin

soil slips and shallow slumps. -

Table 2: Sediment yield and catchment characteristics for three
small basins in Hong Kong. After Lam (1978)

e 10: The effect of infiltration capacity upon slope form

HIGH L.C.

Characteristics Basin A Basin B Basin C

Hong Kong Heograpner #(3), 12

Area (km?) 0.282 0.267 0.240 L |

Badland as % of area 40 24 0 e ;

Relative relief (m) i 107 183 168 Figure 11: Mnf.!el of slope morphology in the Western Mew

Relief length ratio 0.134 0.227 0.192 Territories. After Luk (1971).

Characteristic slope e

angle 27 25 29 e

Estimated sediment

yield m ton 2422 1082 55
Table 3: Slope units and contemporary process. After Luk (la71)
Unit Dominant contempor- Unit Process g

ary processes e =
@ _E o e
I 1
upper vertical soll water lower accumulation and/ S AL
straight movement and concave removal of 1 et
slope lateral seepage slope colluvial materials
&Uth?r wash SLOPE MORFHOLGSY MODEL,WESTERN MEW TERRITORIES,
materials HONG KONE
upper 'soll creep’ by un- lower accumulation arn:l'ér
convex concentrated flow convex removal of
slope slope colluvium Thus far attention has focussed upon water at -::t:e Sufﬁfv?af&::
upper rock fall, mech- lower rock fall, ground remember that hillslope hyﬂr?ﬂog:t:]s;;;c; ﬁ:::'llle or colluvium that
rock anical disinte- rock water seepage & . Indeed it is ﬂwe water conte Ruxton (1980) in his examination
face gration & ground face mechanical it 'lﬂ‘SJGF’E failure. For B tﬂjmlluwing types of failure: firstly,
water seepage disintegration slopes in Hong Kong repo ing saturation of the

mid- transportation of

straight - materials by mass

slope movement: soil
slips & shallow
slumps

slips which may be due to infiltration caus !
u?': ﬂrp?esidual debris giving rise to failure especially on steep

mn
Secondly, seepage slips which may develop 1.-.rl'naeri;l1 ;ﬂgﬁ;ﬂmen
becomes concentrated. Finally, arcuate soll slips oo
ermeable layer in the soil prevents InﬁltrE!thn Eg;a %ure
ed layer. This may cause seepage, undermining a :
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Water may also flow through the soil in pipes or natural tunnels ang

their development may result in significant volumes of erosion. Nash 3 ; : : the 1
Dale {TQB4}F;ndi¢ate txat the superficial and residual soils of Hong Ku:g § i C. (969) Badland de“dm&? e:;;n;fa :E:;?: ﬂr;:;te 2 Kong |
provide good localities for pipe development. They identify two major - Kong harbour area. Unpubiis s '
types of natural tunnels in Hong Kong. Firstly, there exist small diamet

pipes confined to the A or B horizons up to about | m depth in the sai small

; i jion in three
g74) Some aspects of fluvial erosion in :
Kitsl,“ Ne}w Territories, Hong Kong. Unpubl. M. Phil thesis,

ity of Hong Kong, 200 pp.

column. These pipes seem to develop at textural boundaries and thejr
origin is ascribed to root holes and animal and insect tunnels.  Finally,
pipes may develop deeper within the soil profie, often at a major
discontinuity such as that of the residual soil/weathered bedrock & : : iment and solute
interface. Some of these natural tunnels may owe their origin to the _ KC. (o78) Sol erosmT hﬁi&mﬁﬂfm- V. 47, pp-
piping of groundwater and Mash and Dale (1584) report that some may be £ ction in three Hong Kong catc -
2 m wide. The pipe systems may develop by groundwater flow exploiting e
and expanding small voids or gaps between corestones and colluvium,
Relict joints often govern groundwater movement and pipe development.
If pipes are sufficiently developed Mash and Dale (I984) suggest that
collapse may result thereby producing gullies. They also indicate that
piping may result in slope faillure. Therefore, in addition to the erosion
associated with their development pipes may also result in gullying and ; of
mass movement, features which have been discussed previously. Nash _ial Deposits in Hong Kong. W.S. Yim (ed), Geological society
and Dale (1984) also indicate that the development of piping may dewater - = Kong, Bull. No. 1.

a slope. This will increase slope stability. B e
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CHING
o READSHEET IN GEOGRAPHY TEA
Using Spreadsheets to Teach the Concepts of River Vel ocity \gE OF SP

by
To Ka Yan
T.W.G.Hs Chang Ming Thien College

, spreadsheet resembles a large sheet of paper consisting of
= ows forming a matrix of cells. These c:eli_s can contain
e rte,xt formulae and commands. It is possible to de\relcﬂp
.'ds‘“a;fhic?; some cells have been prepared for data entry whhe
e configured for calculations using those data. When the
?E“s 2y cell is altered, any values calculated from this cell can be
Df anrecalculated. Thus, the user can make changes to the data
Iat:,ga:e so that predictions of “what if?" nature can be produced.

INTRODUCTION

In Hong Kong, one of the obstacles to the use of microcomputers
in teaching is the lack of software. This is not only a problem gf
availability but also an issue of suitability. Besides, the majority of thy
educational software available are subject-specific or

imilar benefits possessed by other
sheet programs share simi A
spiraea:oﬁware. In particular, they are relevant to  suc

content-specifi Cone ol studies involving simulation, decision rnaklng.t S’Eﬂmﬂcglf
which are not so cost effective since they cannot serve to work for wider : _pruﬂﬁd ta manipulation. Using spreadsheets for the simulation
purposes. In view of this, some educationists are beginning to look fg H:?,E’"d ar'nudels enables the student to concentrate on the
the potential of content-free or generic software, like word processing, ;ﬁ:ﬁ significance and to explore the relationships of the variables
spreadsheet and database. :

‘nodel, so that they would not be distracted by arithmetic

e
The advantages of using content-free software can be ion.

surmmarized as follows:
a) To use these programs requires little programming
knowledge on the part of the teachers or the students, e
b} They are easier to get from the commercial world and are
cheaper since many of them are shareware or public domain software.
c) They are more cost effective to purchase than subject-specific
software and can be customized to suit many different applications.
d) Different software versions of similar functions are available to.
fit with the diversity of machines.
&) They are open-ended programs. Teachers may easily insert
their own content to suit the needs and ability levels of their students.

LA

; [ i in geography to which
i re is a wide range of areas in g i 2l
i ;2515 can be applied. These may mc]ud_e simulation gam;ps':ﬂarts?:n
. and flow characteristics, industrial location, land ns:nt\;l pare aton
‘statistical analysis, etc. In general, quantitative models
andled by spreadsheet programs.
i ts avallable for different
' different types of spreadsheets aval
;;hensa;;i of the more commaon ones are v:::;ﬁ:lf nLchr rl:gg:]?ng.
hoet PC. For a :
= BBC and Lotus 1-2-3 for IBM P!
h ,_E?t:gfa such as PC-Calc, are also available at a price m:zréézw;
s 'urlginz’ll_ The functions of a spreadsheet can ?eher;ncorporate
more advanced  spreadsheet programs whic

Various attempts have been made by geographers to develop o, word-processing and graphic facilities.

teaching programs by using content-free software, such as spreadsheets
(Goble 1988, Lee & Soper 1987, Wiegand 1987), database (Worster &
Marrison, 1986) and the CELLULAR MODELLING SYSTEM and

AN EXAMPLE OF SPREADSHEET APPLICATION
DYNAMIC MODELLING SYSTEM (Longman 1988)

: The idea Tl .
:]:: the study of the downstream changes in river flow and chann

et - o
eristics, studerts often find it difficult to aﬁs;fﬁgid t‘gh-.r
ream increase in river velocity because they ars -:.:fgr e
bith the impact of one factor, i.e. stream gradient, 3_ et
j river velocity is dependent on channel gradie ‘:idischarge. =

ented by hydraulic radius), c‘:hannler mughnesst,han i
855 guantitatively the interrelatlgmshup bepveenbﬂ ifs-al A
: ing equation, which estimates river velocity at ban

Considering the degree of prevalence, ease of Operation, and
suitability to geographical studies, spreadsheets have considerable
potential for geographical analysis. This article attempts to illustrate how

spreadsheets have been applied to teaching the concepts of river velocity
to Secondary Six students in Hong Kong.

Hong Kong Geographer 7(3), 16




F- i The equation is as follows: Hong Kong Geographer 7(3), 18

oD

Vs o 2
n
rhe program . :
‘The spreadsheet used is VisiCalc of Apple Il DOS version which runs
48K Apple Il machines. This particular vers[gn is chosen becal,_lse
& lle is the type of microcomputers avalabiq in the school in which
quthor works.  Transferring  similar design to other powerful
.dsheets is not difficult. Templates of PC-Calc and Lutus_1-2—3wm
. same topic are also available from the author. The exp1anatlmlg en
will refer to VisiCalc version only. But the terms used, the ayum
4 the structure of the templates are basically similar for differe
reions of spreadsheet programs.

where :

V is stream velocity (m,/sec)

R is channel hydraulic radius (m) defined as

channel*cross-sectional area divided by wetted

perimeater of the channel

S is channel slope expressed as a decimal
(i.e. 1in 100 =0.01)

n is channel roughness (Manning's mughness.'_'-;;_

coefficient, (see Note 1)

4.
AP

This equation provides a useful theoretical basis for
understanding hydrological relationships.  Referring to the above
equation, the following relationships could be envisaged :

A B c D E F
Variabl lationshi
- - § CHANNEL VELOCITY
Gradient and Velocity Positive ST

Hydraulic radius and Velocity  Positive
Channel roughness and velocity  Negative

I
2
3 CHAHGE IM GRADIENT

4 HY¥DRAULIC RADIUS -
5

5

7

g

ROUGHNESS AL

4
a
-]
CHANGE IN HYDRAULIC RADIUS g
CHARNGE IN ROUGHHESS (V]

The situation is complicated when one adds the “downstream

STATIO GRADI HYDRA ROUGH VELOCT
change” element into the investigation, since downstream change in 10 1 -4 o e iy
velocity is also related to downstream change in the variables which e § i ;3 .08 §.813
affect velocity. Based on theoretical and field research, the following ﬁ 4 .4 g8 .03 6-813
general patterns are established with regard to downstream changes in 14 5 -4 'g 'gg g'_gi:,
channel characteristics. 12 g :j s 6.813

= 8 A .8 .08 i
Downstream increase in hydraulic radius. 18 g 5 : 3 ; 32 g: 213
Downstream decrease in channel gradient. ;E %I:.‘H.:'t:i - s 5 0 o

Downstream decrease in channel roughness.
Downstream increase in river velocity.

The above mentioned interrelationships can best be studied by using
a spreadsheet which allows the student to explore the factors affecting
river velocity one by one and to cbserve the influence of an individual
factor, as well as the cumulative effect of all factors on river velocity
changes. Bearing this in mind, a spreadsheet template has been
designed to help students understand the complex relationships involved
in the downstream change of river velocity and channel form

characteristics. The idea of this program is adopted from Goble's work
(1988) and maodified by the author.




T el L

The screen layout of the template as shown in the monitor screen
shown in Fig. 1. Limited by the screen display of Apple lle which show
only 40 characters in a line at a time, the labels of the variables have to
shortened. STATIO in cell AS stands for station number along the rive i
is assumed that station 1 is near the river head, while station 10 neart
river mouth. All the data in the template are hypothetical. Rows 2,4
6 show respectively the channel gradient, hydraulic radius and chan
roughness of station 1. Their values are linked to the contents in _
B10, C10 and D10. Rows 3, 5, and 7 display respectively the valye
the incremental change of each of the three variables between
station and another. For instance, when -0.03 is input in cell F3, 4
content in B11 (station 2) will be immediately changed to 0.37 (i.e. 0.4
0.03)) and the content in B12 to 0.34.( Fig. 2) Students are allowed
change ithe contents of the cells in column F from rows 2 to 7. Q

he formulae used to obtain the values in the range of cells from B10
g are given in Fig. 3. All formulae that have been typed into the cells
gue” to the student. Manning equation is used to calculate the
in the cells of Column F from rows 10 to 19. The values of the
columns B to O from rows 11 to 19 are linked to the contents of
vs 3, 5 and 7. Row 19 indicates the total percentage of change
IANG) of the variables from Station 1 to Station 10.

aLH
T p

Forrmulae used in the template
o Colurmn

altered, the values of the cells in columns B to F from rows 10 to 20 C 5 E
change automatically since recalculations based on the formul s 3
“hidden” in these cells take place. ; L F2 F4 F& (B107(1/2))*C10™{2/3))),/D10
{1 [B10+F3) (C10+F5) (D10+F7) ((B117(1/2))*(C11"(2/3)))/D11
‘g:'_.fan +F3) {C11+F5) {D11+FE7) Bz ;2]}*[012:{2}3}3}.-" 012
3 (B12+F3) {C12+F5) {D12+F7) B 13~ (12 C13™(2/3))),/013
" 4 (B13+F3) {C13+Fs) {C13+F7) ((B147(1,/2))*(C147(2/2)))/D14
A (B14+F3) (C14+Fs5) [D14+F7)  (B15~(1/2)*(C157(2/3))/D15
’* = o - = = £ (B15+F3) {C15+F5) sl [mwn;z;;*gg::*::ﬁ;ﬁ:
X 7 (B16+F3) {C16+F5) {D16+F7) (BT (1/2)*(C17"
2 bt oA EE1?+F3} {C17 +Fs5) 7+F7)  ((B187(1/2))(C187(2/3)))/D18
3 CHANGE IN GRADIENT -.03 g (B18+F3) (C18+F5) {D18+FT) ((B19~(1/2))*(C187{2/3)))/D19
; gf{?ﬁggbiﬁ ﬂﬂﬁﬁﬁuc RADIUS 'g 3 (B19-B10)*100/B10 (C18-C10)*100/C10 (D15-D10}*100/D10 (F15-F10)*100/F10
6 ROUGHNESS .08
7 CHANGE IN ROUGHNESS o
B S i ASSMOOIM exXperience ) :
lg i mﬂ? m?i l{‘fr::.zgl RO?EQ . Tﬁﬁ The spreadshest program describ‘e{i in this article has been }Jse:
11 iy, 8- .o 5.552 e teaching of a Secondary Six class in the computer room during
T2 3 Lo T 6.281 '@_iperigd geography lesson. There were aitogether_ 12 stude:nts an';
e SEot st s could have access to an Apple lle machine. No prior experience i
15 6 .25 8 los 5.386 piter use by the students was expected. Terms like channe
L8 P22 B o8 5.053 roughness and hydraulic radius had been explained to them in
ﬂ 5 33 g a8 S e previous lessons. It took about 15 minutes to explain briefly the use
19 o S .8 .08 3 884 keyboard and the principal ideas behind a spreadsheet. Only the
0. RCHANG - 67.5 o o =43.0 lal points relevant to the use of spreadsheets were mentioned.
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The spreadsheet template together with the VisiCale '-:!'I'Ja
program had been loaded into the computer before the lesson star
The monitor displayed the screen layout as depicted in Fig. 1. Studen

were asked to follow the questions in a workshest provided (Mote 2) ang

were reminded to alter only the contents of the cells from F2 to F7 in 1
spreadsheet. '

At first, to demonstrate the influence of channel gradient on riyer
velocity, the values of channel hydraulic radius and roughness in gz
stations had to be kept constant Student were asked to change the ini
gradient in cell F2 only and to observe the change in velocity in column £
It should be noted that the gradient value must not exceed 1. Then, th
had to change the content in cell F3, ie. the rate of change in gradiant
between stations. Before doing this, they had to determine the trend
change. Input of a negative value assumed downstream decreas

whereas a positive value downstream increase. Fig.2 shows the resu'r'

when ~-03 was inserted in cell F3. If a negative value was input in cell F3
the magnitude of change should not be too great because it might res

in_ rjega:'we gradient values in the stations in the "lower course”. {Fig. 4} 8
Similar procedures and decisions had to be made when data for.

hydraulic radius and roughness were input into cells F5 and F7.

Eig. 4
A B = D E 1=

1 CHANNEL VELOCITY

2  GRADIENT 4

J CHANGE IN GHADIENT = 66

4. H¥DRAULIC RADIUS } g2

S  CHANGE IN HYDRAULIC RADIUS .D

& ROUGHNESS a8
; CHANGE IN ROUGIHNESS : i}
"5 STATIO GRADT HYDRA ROUGH VELOCT
14 1 | B .08 6,817
ahal 2 34 -8 .08 6.281
12 3 2B -8 - 0B 5.700
1? d vdd . .08 5.053
IT =) =16 .8 .08 4.309
1,‘:: & ek - B - 08 3.406
1? 7 . 04 .8 .08 2.154
1.7 g =.02 -8 - 08 ERROR
18 ) =. 08 .8 . 08 ERROR
15 10 = .8 - 08 ERRCR
20 RCHANG = [T o) i Q | EHRU&
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ﬂ_,;, pared that a possible range of values provided by the teacher
‘p]fe of help to students. For example, the following had been

{ables Cell Pogsihle range of walues
inel gradient Fz 0.01 - 0.9

fahlic radius F4 .0y = 5

nnel roughness Fa 0.025 — 0.1

i is to ensure that a more "sensible” pattern of changes 'u?mﬂd be
od. and to avoid from having extreme values that would distort the
31 p;urtern. Ancther approach is to allow students to input anylvalue

e, be it sensible or not, and to let them explore the relationships by
nd error. In this case, many curious results may occur and the
r may be preoccupied with answering student’s questions during

hole course of study.

The effects of hydraulic radius and channel roughness on river
y were examined separately, and the results are given in Figs. 5 to
er to questions 4 and 5 in the worksheet) Finally, the students
eft to work through the tasks. When the content of the cells F2 to
{ been altered, river velocity was found to increase downstream.

7) The final results of the work of each student were printed out and
{ for comparison and discussion.

Fig.5%
"y B C D E F

1 CHAFHEL VELOCITY

2 GRADIENT -4
3 CHANGE IN GRADIENT 0
4 HYDRAULIC RADIUS . B
% CHANGE IN HYDRAULIC RADIUS =05
6 ROUGHNESS «08
7 CHANGE IN ROUGHNESS L]
3? INTERY GRADI HYDRL ROUGH VELOCI
10 1 ] .B .08 5.813
11 2 ] - B5 .08 7.278
12 3 4 -9 0B T.765
i3 4 4 95 0B 5.278
14 5 4 1 .08 5.819
15 & 4 1.05 .08 9.301
16 7 -4 2 L LO8 9.996
17 ] B L .08 10.63
18 9 5 1.2 .08 11.63
15 10 4 1.25 .08 11.95
20 SCHANG 0 56.25 o] 75.456




=

FPic; 5
A B fad D

1 CHANNEL VELOCITY

2 GRADIENT

3 CHANGE IN GRADIENT

4  HYDRAULIC RADIUS

5 CHANGE IN HYDRAULIC RADIUS

& ROUGHNESS

7 CHANGE IN ROUGHNESS

A

9 INTERV GRADI HYDRA ROUGH
10 1 .4 .8 .08
11 2 ] = T
12 3 4 .8 .07
13 4 4 .8 ,DE5
14 5 4 .8 .06
15 & o -8 055
16 7 4 .8 .08
17 | 4 .8  .045
18 g 4 .8 .04
1% 10 S R £
20 %CHANG -56.3
Fig.7

A B c D

WBm o) oA L

CHANNEL VELOCITY

GRADIENT

CHANGE IN GRADIENT
HYDRAULIC RADIUS

CHANGE IN HYDRAULIC RADIUS
BROUGHNESS

CHANGE IN ROUGHNESS

INTERV GRADI HYDRE ROUGH

1 .4 .8 .08
2 .37 R
3 .34 .9 .07
4 ! LO5 085
5 .28 1 .06
& <25 1.05 L0s5s
7 .22 1550 <05
8 -19- 1.15 045
] .16 1.2 .04
1a e L0315

¥CHANG =-67.5 56,25 -5§.3

VELDCI
6.813
T.267
7.786
B.385
9.084
9.910

10.501

12.112

13.626

15.5872

128.56

-4
=.03
-8
05
.08
=. 005

VELOCI
.B13
.278
. 765
275
.B19
- 381
.5956
10.63
11.29
11.55
75.486

WD O D w) ad oy

ng the lesson, students had been stimulated by the program
nd ask guestions.  Originally each student was expected to
Jwidually with & computer. Later it was found that some students
110 work in pairs so as to facilitate discussion. For the more
ciudents, they discovered that i the percentage of change
\G) of a variable was much larger than that of the other variables,
-nce of other variables on river velogity might be suppressed.
s how dominance of gradient over other variables could have
stream decrease in river velocity.

ne of the students was unable to produce correct answers to
heet. They found no difficulty in understanding the
hips involved in the downstream change of river velocity.
also particularly interested in Inputting extreme values and

activity and asked for permission to run the template again in
uter room after school.

h B C D E E
CHANNEL VELOCITY -
ADIENT .
gﬁhNGE IH GRADIENT —'053

HYDEAULIC FADIUS .
CHANGE IN HYDRAULIC RADIUS .gg
ROUGHHESS . 605
CHANGE IN ROUGHNESS .
INTERV GRADI HYDRA ROUGH VELOCI
1 -5 i) .08 T.617
2 .445 .B5 075 7981
3 -39 -4 -« 07 B.316
LR -95  .DBD B. 605
5 .28 1 .06 8.81%
ol e s ] 1 1 8.910
7 ST I-1 - 05 8.787
g . 1x5 .15 S04 8.272
9 .060 1.2 .04 6.915
1 B o B e e e 2.344
FCHARG -99 56.25 -56.3 -59.22
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perhaps, the best way to appreciate_ the use of the tmqlr?-.t‘e
: ed in this article is to actually run it on the_c.omputer. is
lﬂﬂheiat application represents an initial anem[_:-t in exple_rlngdthe
x "?Hies of using spreadsheets 1o assist teaching or Im.imu'fg eida
= ical concept. The author is by no means an expert in this field.
g f this article is just to arouse the interest of

f the purpose O , :
dc;rru: 1?1 cartzinp;;pects of computer use in teaching. There may

i i and in the teaching
fars nj both in the design of the templates : chi
: ggm:a“jcpted Moreover, the effectiveness of thE: iﬁm”} E‘;sa:_sescﬁlrrg
. i nd evalu :
.~ has not been seriously assessed a
:;gb;ck from both the students and the tea-::,hars who mzeuiﬁpn;hﬂfe
ate. Effective use of a program also relies on the b?::t ﬁ b
reﬁens‘we guidelines, instructions and worksheets 10

: ion of and the support from
L students. All these require the Cooper jeties/institutions.

5 d) Limitations and further ifications

There are a number of limitations associated with the use of VisiCalp
templates on Apple lle. They include slow speed of computation, 49 %
column screen display, inconvenience in changing the movement
direction of the cursor, lack of graphics, etc. These would be eliminated
il if a more powerful spreadsheet program run on IBM compatible
machines is used. Fig. 9 shows the template layout of the screen usin
' the PC-Calc spreadsheet program. Obviously, this layout gives a better
visual impression to the user. But, using an advanced spreadsheet
implies the need for more money to purchase spreadsheet programs and

: machines. of academic sOCI s
i teachers ast_weli ;sﬂsgﬁgjb;é; be it the Geographical Association
N it is now time i rates. to consider
i Fig. 9 - ian of the Advisory Inspectorates,
; = = £ = = : B e Geograry SEF[r:Dn me knowledge of computing into groups 10
il 1 Relationship between stream velocity and channel characteri : ~ . nising teachers with SO design templates and their
B ug:e use of the available spreadsheets to Cesig
! 3 channel Change in Hydraulic change in Channel Changa | ; R for ge raphyieachmg.
h 4 gradient channel radius Hydraulic roughness channe & associated documents geog
i 5 gradient radius roughness
I 6 .050 -. 004 L8000 .50 . 080 - 005 NCLUSION
; TR .
! 8 Interval Channel Hydraul ic Channel ihed above is EIF'F'“Ed 10 Kver
cn -
9 gradient 3 radius roughness The Spfﬁdsmt tem];?lat.e e nderlying its construction are
10 1 .050 .800 . 080 ‘elocity changes, but the principles underlying of the fact that it is
112 .046 .850 .075 other ggographilca1 analysis. In view ot if 5
12 3 .042 .500 .070 2 glevant to many ; cific educational software will be develop
13 4 -038 .950 .065 2. nlikely that more subject-spe hers to explore the use of
14 5 .034 1.000 - 060 i the near future, it is time fﬂ;_ teache
15 & .030 1.050 . 055 ¥ hical teaching.
16 7 .026 1.100 050 i readsheets in geograp
17 8 022 1.150 045 3.
18 9 .018 1.200 .040 3. : References
1910 .014 1.250 .03% 3.923 0 2
e R L o hv and spreadsheets. Unpublished paper-
21change. % -72.000 56.250 -56.250 .843 RS e,T.(1988) Geogra

M.P. & Soper, J.B. (1987) "Using spreadsheets t0 teach statistics In

_JLM——D—L——-Q—_-_@_— {. }l' 7

wle
g8,

The spreadsheet template could be modified by fitting fieldwork
data into the cells so that a more realistic picture could be obtained
Also, the learning experience of using spreadsheets could be further
enhanced by asking students to setting up their own templates. Th
certainly could not be carried out in the class, but could be achieved
through the Geography Society under the guidance of the teacher.

iegand, P.(1987) *Teaching geography with spreadsheets’, Teaching

sography, 195-197.

& Worster. B. & Morrison, D.M. (1986) “Using Ap‘p’:e‘u;ﬂart‘n;sl intrﬁ! geo?mlh-g
' lass-from transparent map to sortable electronic , Computer in the

hools, 3(1).63-73.




Hong Kong Geographer 7(3), 28
Hong Ko

Note 1 : W¥alues of Mapnina’s roushness coefficiens Mote 2 : Worksheet

different stream channel sections
Channel state

i - ream velocity based on Manning's Equation
Etream description Bad Fair Good ;e 0N 5 = | 5

Minor gtreams

s assumed that station 1 is nearest to the source of the stream
(<30 m wide at bank-full)

ater), and the last station is nearest to the river mouth.

Lowland
Clean, straight, no rifts .033 .03 L0275 pu can adjust the initial units for channel gradient (F2), hydraulic
il g e 5 n F well as their respective rates
Some weeds or stones 004 DS 033 5{F4} and channel roughness l‘_ EII, as pe
Clean winding, some pools 045 WA P nge.{FB. F5, F7)
or shoals
STugaleh re e R i i nt. change the units for
Sluggish reaches, weedy, .08 .07 S » roughness and hydraulic radius constant, g

dient. See what happens to stream velocity.
it data into cells F2 and F3. Make sure that cells F5 and F7 show a

value.>  —> Other factors being  constantvelocity

deep pools

Upland (no vegetation in

channel except at bank-full; : with
banks steep) {decreasesflncr\?ﬂses}
Gravel, cobbles and some .05 .04 .035 (decreasing/increasing) gradient ___ (downstream/
boulders on bed
Cobbles and large boulders .07 .06 -5
on bed

ep roughness and gradient constant, change the untis for hydraulic

e e RO See what happens to stream velocity.

bank-full}
Regular reach with no .06 .05 .035 0 ns it data into cells F4 and F5. Make sure that cells F3 and F7 show a
boulders or weed : 55
Irregular and rough section o .08 .05 , " Other factors being constant, velocity
(decreases/increases) wl;h
(decreasing//increasing) hydraulic

5 (downstream/  upstream).

.p gradient and hydraulic radius constant, change the untis for

ughness. See what happens to stream velocity. :
nsert data into cells F6 and F7. Make sure that cells F3 and F5 show a

Le.> :
Other factors being constant, velocity

. (decreases/increases) with
ecreasing/increasing) roughness (downstream; upstream).

ange all the units of gradient, roughness and hydraulic radius,
t happens to the change in velocity downstream ?
=Alter the datain cells F2to F7.>

general, stream velocity (decreases, increases) with
ing distance away from the headwater.




Hong Hong g _.,f_ﬁ}._;1
Worksheet 1 Hydrological Processes in the Drainage Basin

1.Objectives

a. To illustrate the effects of vegetation on infiltration rate.
b. To study the relationships between infiltration rate and slope form.

2.5tudy Method

a. Select two slopes, one is vegetated and the other is bare whig
shows signs of gullying and extensive erosion.

b. Measure the infiitration rates of both sites using the infiltrometer.
c. Draw sketches of both sites showing slope angles and erosion
features. s
d. Make tape and abney measurement of the slopes.

m. :
"a;:anﬂiﬂﬂ the critical length of the zone of no erosion.
- udy the major factors influencing the form of a slope.

Method

iy the major components of two slopes selected for study.
s the use of the following diagram, identify the major processes

Questions for Discussion

a. What kind of surface has a higher infiltration? 2
b. What are the hydrological consequences i the rainfall intensity
exceeds infiltration rates?

c. What are the differences in runoff between vegetated and eroded .
slopes? 4
d. The following diagrams show 2 slopes with same slope angle but
different slope development. Using information from a to c, give an
explanatory account.

i e
B I

I o o .
> L = pare the slope forms and processes of the selecte:d slopes.

cad on information on O.S. maps, measure the critical length of

.L i’ A one of no erosion.
Jl B - B §0uestions for Discussion

erring to the following factors, account for the differences in
al length of the zone of no erosion:

ogy

rological factor

etation cover A ;
LWith reference to the slopes examined, discuss the main factors

fliencing the forms of slopes.

e. What does the difference in runoff tell about the rate of erasion?
f. Why the badland slope exhibits severe guily erosion?

*Modified from a worksheet prepared by Mr. C.L. Yeung et al (1989)
during the Geography Field Camp held at Kadoorie Agricultural

Research Centre odified from a Worksheet prepared by Miss L. Cheng et al {1983}

i Iring the Geography Field Camp held at Kadoorie Agricultural
' ch Centre
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: 3 Land Information System Course

A

' i i i of a series of &
» ~ourse on the land information system cuns1st!ng i

ol ffered by Hong Kong Geographical Association and

jointly © : iversi i
il Studies Department of the Chinese University will

o mural
'Eﬂefce on June 24, 1989, Drs. A. Yeh, T. Fung and S. Cheung

in thi [ i tion is Cantonese.

ure in this course. The medium of instruc
ir;?scstlnn fee is set at HKS 300.00. Members who are interested 1:(1
. course should register at the Extramural Studies I:\¥L=,-;::Enr‘t;::"uaer:;1 ;
‘nese University, Oriental Centre, 14/F, 67 Chatham Road,

News of the Hong Kong Geographical Association

1. Geography of China and Tourism Exhibition

The Geography of China and Tourism Exhibition was suceeésfu;[
held on April 28-30, 1589 at the Shatin Town Hall. A total of more tha
ten schools took part in the activity. This was joined by map exhip;
brought by colleagues from Beijing. Dr. Daniel Tse, President g
Hong Kong Baptist College and member of the Legislative ang
Executive Council, gave the opening speech. The opening cerem
was also officiated by Profs. C.K Leung, Y.M. Yeung and DF
Fitzgerald of HKU, CUHK and Baptist College, respectively, pr
Anthony Yeh, Chairman of Hong Kong Geographical Association
Mr. C.W. Yuen, Chairman of the Organization Committee.

2. Hong Keng Geography Day. AGM and EGM

The Hong Keng Geography Day, 1989, and the year's annual gen
meeting (which was immediately followed by an extraordinary
general meeting) were held on March 11, 1989 at the Rayson Hua
Theatre, HKU. Some 100 people took part in the event. A n
executive committee was elected at the AGM. Members of the
current exco are; i

4 University of Bristol Association of Alumni

sociation of Alumni was recently formed
ntention of HKGA's members who are
er. For further information please
evenings; 5610221, daytime).

he University of Bristol As

would like to draw a
& aduates of Bristol to this matt
: act Alastair Scott (Tel: 5-264475,

Dr. Anthony Yeh (Chairman)

Mr. Yeung Chi Ling (Hon. Secretary)
Mr. Yeung Pui Ming (Hon. Treasurer)
Mr. Y. W. Fung

Mrs. K. K. Wan

Mr. Chan Tat On

Mr. Yuen Ching Wai

Cr. C. M. Luk

Dr. Li SI Ming




