
1 Wight, M., Camp Manager, Injisuthi Valley Camp, Giant's Castle Game Reserve,
during 1999-2001.

2 Meiklejohn, K., Officer in Charge, Gaint's Castle Game Reserve, 1968-1974, 80
Globe Road, Petermaritzburg, 3201.

3Van Der Waals, J., Lecturer at the Department of Soil Science and Plant Production,
Faculty of Natural and Agricultural Sciences, University of Pretoria, Pretoria, 0002.

Acocks, J.P.H., 1975: Veld types of South Africa, Second Edition, Memoirs of the
Botanical survey of South Africa, Agricultural Technical Services, Pretoria.

Ahnert, F., 1976: Brief description of a comprehensive three-dimensional process-
response model of landform development, Zeitschrift fOr Geomorphologie,
Supplementband, 25: 29-49.

Alexander, D., 1989: Urban landslides, Progress in Physical Geography, 13(2): 157-
191.

Anderson, M.G. and Burt, T., 1978: Experimental investigation concerning the
topographical control of slope water movement on hillslopes, Zeitschrift fOr
Geomorphologie, Supplementband, 29: 52-63.

Armstrong, A.C., 1976: A three-dimensional model of slope forms, Zeitschrift fOr
Geomorphologie, Supplementband, 25: 20-28.

Barling, D.B., Moore, I.D. and Grayson, R.B., 1994: A quasi-dynamic wetness index for
characterising the spatial distribution of zones of surface saturation and soil water
content, Water Resources Research, 30(4): 1029-1044.

Beckedahl, H.R., Hanvey, P.M. and Dardis, G.F., 1988: Geomorphology of the
Esikhaleni mass complex, Transkei, South Africa: preliminary observations, In
Dardis, G.F. and Moon, B.P. (eds.), Geomorphological Studies in Southern Africa,
Balkema, Rotterdam, pg. 457-471.

Bennett, R.J. and Chorley, R.J., 1978: Environmental Systems: Philosophy, Analysis
and Control, Pion, London.

Beven, K., 1982: On subsurface stormflow: predictions with simple kinematic theory for
saturated and unsaturated flow, Water Resources Research, 18(6): 1627-1633.

 
 
 



Beven, K.J. and Krikby, M.J., 1978: A physically based, variable contributing area
model of basin hydrology, Hydrological Sciences Bulletin, 24: 43-69.

Bijker, H.J., Sumner, P.O., Meiklejohn, K.1.and Bredenkamp, G.J., 2001: Documenting
the effects of veld burning on vegetation and soil properties in Giant's Castle Game
Reserve, KwaZulu Natal Drakensberg, South African Geographical Journal, 83(1):
28-33.

Blong, R.J., 1973a: Relationship between morphometric attributes of landslides,
Zeitschrift fOr Geomorphologie, Supplementband, 18: 66-77.

Blong, R.J., 1973b: A numerical classification of selected landslides of the debris slide-
avalanche-flow-type, Engineering Geology, 7: 99-114.

Boelhouwers, J.C., 1988a: Geomorphological Mapping of a Part of the Giant's Castle
Game Reserve, Natal Drakensberg, Unpublished Masters Thesis, University of
Natal, Pietermaritzburg.

Boelhouwers, J.C., 1988b: An interpretation of valley asymmetry in the Natal
Drakensberg, South Africa, South African Journal of Science, 84: 913-916.

Boelhouwers, J.C., 1991: Present-day periglacial activity in the Natal Drakensberg,
southern Africa, Permafrost and Periglacial Processes, 2: 5-12.

Boelhouwers, J.C., 1992: Field Guide to the Geomorphology of the Giant's Castle
Game Reserve, Natal Drakensberg, University of the Western Cape, Belville.

Boelhouwers, J.C., 1994: Periglacial landforms in Giant's Castle, Natal Drakensberg,
South Africa, Permafrost and Periglacial Processes, 5: 129-136.

Boelhouwers J.C. and Meiklejohn K.I., (In press): Present-day Quaternary periglacial
and glacial geomorphology of southern Africa: a synthesis and review, South
African Journal of Science.

Bonsu, U., 1992: A physically based model for surface sealing of soil, Journal of Soil
Science, 43: 229-235.

Borga, M., Dalla Fontana, G., Da Ros., 0 and Marchi, L., 1998: Shallow landslide
hazard assessment using a physically based model and digital elevation data,
Enviromental Geology, 35(2-3): 81-88.

Brabb, EE, Pampeyan, EH. and Bonilla, M.G., 1972: Landslide susceptibility in San
Mateo County, Pennsylvania, U.S. Geological Survey Miscellaneous Field Studies
Map MF-543, In Sarkar, S., Kanungo, D.P. and Mehrotra, G.S., 1995: Landslide
hazard zonation: a case study in Garhwal Himalaya, India, Mountain Research and
Development, 15(4): 301-309.

Briggs, D., 1977: Soils, Sources and Methods in Geography, Butterworths, London.

Brink, A.B.A., 1983: Engineering Geology of Southern Africa, Vol 3, Building
Publication, Pretoria.

 
 
 



Brunsden, D., 1993: Mass movement; the research frontier and beyond - a
geomorphological approach, Geomorphology, 7: 85-128.

Bull, W.B., King, J., Kong, F., Moutoux, T. and Phillips, W.M., 1994: Lichen dating of
coseismic landslide hazards in alpine mountains, Geomorphology, 10: 253-264.

Burger, R and Lopez, C., 1994: Bibliography about data quality and quality
management in GIS, http://www.fing.edu.uy/-carlos/bibliography.htm.

Burt, T.P. and Butcher, D.P., 1985: Topographic controls of soil moisture distributions,
Journal of Soil Science, 36: 469-486.

Burt, T.P., Butcher, D.P., Coles, N. and Thomas, AD., 1983: The natural history of the
Siapton Ley Nature Reserve, XV, Hydrological Processes in the Siapton Wood
Catchment, Field Studies, 5: 731-752.

Caine, N., 1980: The rainfall intensity-duration control of shallow landslides and debris
flows, Geografiska Annaler, 62A(1-2): 23-27.

Campbell, RH., 1975: Soil slips, debris flows and rainstorms in the Santa Monica
mountains and vicinity, southern California, United States Geological Survey
Professional Paper, No 851 .

Campbell, D.J. and Henshall, J.K., 1991: Bulk density, In Smith, K.A and Mullins, C.E.
(eds.), Soil Analysis: Physical Methods, Marcel Dekker, New York, pg. 329-366.

Cannon, S.H., Powers, P.S. and Savage, W.Z., 1998: Fire related hyperconcentrated
and debris flows on Storm King Mountain, Glenwood Springs, Colorado, USA,
Environmental Geology, 35(2-3): 210-219.

Canuti, P., Focard, P. and Gazonia, C.A, 1985: Correlation between rainfall and
landslides, Bulletin of the International Association of Engineering Geologists, 32:
49-54.

Cararra, A., 1983: Multivariate models for landslide hazard evaluation, Mathematical
Geology, 15: 402-426.

Carrarra, A, Cardinali, M., Detii,R, Guzzetti, F., Pasqui,V. and Reichenback, P., 1991:
GIS techniques and statistical models in evaluating landslide hazard, Earth
Surface Processes and Landforms, 16: 427-445.

Carrara, A, Cardinali, M. and Guzzetti, F., 1992: Uncertainty in assessing landslide
hazard and risk, ITC Journal, 2: 172-183.

Chorley, R.J. and Kennedy, B.A, 1971: Physical Geography: A Systems Approach,
Prentice Hall.

Clarke, K.R, 1993: Non-parametric multivariate analyses of change in community
structure, Australian Journal of Ecology, 18: 117-143.

 
 
 

http://www.fing.edu.uy/-carlos/bibliography.htm.


Clarke, K.R. and Warwick, R.M., 1994: Change in marine communities: an approach to
statistical analysis and interpretation, Natural Environmental Research Council,
United Kingdom.

Crozier, M.J., 1973: Techniques for the morphometric analysis of landslips, Zeitschrift
fOr Geomorphologie, 17(1): 78-101.

Crozier, M.J., 1986: Landslides - Causes, Consequence and Environment, Routledge,
London.

Crozier, M.J., 1999: Prediction of rainfall-triggered landslides - a test of the antecedent
water status model, Earth Surface Processes and Landforms, 24: 825-833.

Culling, W.E.H., 1957: Equilibrium states in multicyclic streams and the analysis of
river terrace profiles, Journal of Geology, 65(6): 451-467.

Da Ros, D. and Borga, M., 1997: Use of digital elevation model data for the derivation
of the geomorphological instantaneous unit hydrograph, Hydrological Processes,
11: 13-33.

De Villiers, S., 2000: The Development of a Spatial Database for Research into
Cryogenic Processes and Landforms in Southern Africa. Unpublished Masters
Thesis, University of Pretoria, Pretoria.

Desmet, P.J.J., 1997: Errors of interpolation errors on the analysis of DEMs, Earth
Surface Processes and Landforms, 22: 563-580.

Dietrich, W.E., Wilson, C.J., Montgomery, D.R. and McKean, J., 1993: Analysis of
erosion threshold, channel networks and landscape morphology using a digital
terrain model, Journal of Geology, 101: 259-278.

Ehschlaeger, C.R. and Goodchild, M.F., 1994: Dealing with uncertainty in categorical
coverage maps: defining, visualising and managing errors, Proceedings, Workshop
on Geographic Information Systems at the Conference on Information and
Knowledge Management, Gaitersburg MD, 1 December, pg. 86-91.

Ehschlaeger, C.R. and Shortridge, A., 1996: Modelling elevation uncertainty in
geographical analysis, Proceedings of the International Symposium on Spatial
Data Handling, Delft, Netherlands, 9B.15-9B.25.

Eriksson, P.G., 1983: A Palaeoenvironmental Study of the Molteno, Elliot and Clarens
Formations in the Natal Drakensberg and Northeastern Orange Free State,
Unpublished Ph.D. thesis, University of Natal, Pietermaritzburg.

Environmental Systems Research Institute (ESRI) Inc., 1992: ArcView GIS 3.1,
California, USA.

Everson, C.S., Molefe, G.F. and Everson, T.M., 1998: Monitoring and modeling
components of the water balance in a grassland catchment in the summer rainfall
area of South Africa, Water Research Commission Report No 493/1/98, Pretoria.

 
 
 



Fielding, A.H. and Bell, J.F., 1997: A review of methods for the assessment of
prediction errors in conservation presence/absence models, Environmental
Conservation, 24(1): 38-49.

Finlay, P.J., Fell, A. and Maguire, P.K., 1997: The relationship between the probability
of landslides occurrence and rainfall, Canadian Geotechnical Journal, 34: 811-824.

Finlayson, B. and Statham, I., 1980: Hillslope Analysis, Sources and Methods in
Geography, Butteworths, London.

Fryer, J.G., Chandler, J.H. and Cooper, M.A.A., 1994: On the accuracy of heighting
from aerial photographs and maps: implications to process modellers, Earth
Surface Processes and Landforms, 19: 577-583.

Gallart, F., PUigdefabregas, J. and Del Barrio, G., 1993: Computer simulation of high
mountain terracettes as interaction between vegetation growth and sediment
movement, Catena, 20: 529-542.

Gardiner, V. and Dackombe, A., 1983: Geomorphological Field Manual, Allen and Unwin,
London.

Garland, G. and Humphrey, B., 1992: Field measurement of discharge and sediment
yield from a soil pipe in the Natal Drakensberg, South Africa, Zeitschrift fOr
Geomorphologie, 36(1): 15-23.

Garland, G.G. and Olivier, M.J., 1993: Predicting landslides from rainfall in a humid,
sub-tropical region, Geomorphology, 8: 165-173.

Glade, T., 1998: Establishing a frequency and magnitude of landslide-triggering
rainstorm events in New Zealand, Environmental Geology, 35(2-3): 160-174.

Gorsevski, P.V., Gessler, P. and Foltz, A.B., 2000: Spatial prediction of landslide
hazard using logistic regression and GIS, 4h International Conference on
Integrating GIS and Environmental Modelling (GIS/EM4): Problems, Prospects and
Research Needs, Banff, Alberta Canada, 2-8 September.

Granger, J.E., 1976: The Vegetation Changes, Some Related Factors and Changes in
the Water Balance Following 20 Years of Fire Exclusion in Catchment IX,
Cathedral Peak Forestry Research Station, Unpublished Ph.D. thesis, University of
Natal, Pietermaritzburg.

Gritzner, M.L., Marcus, W.A., Aspinall, A. and Custer, S.G., 2001: Assessing landslide
potential using GIS, soil wetness modeling and topographic attributes, Payette
River, Idaho, Geomorphology, 37:149-165.

Grondklassifikasiewerkgroep, 1991: Grondklassifikasie: 'n taksonomiese sisteem vir
Suid-Afrika, Memoirs oor die Natuurlike Landbouhulpbronne van Suid-Afrika Nr.
15, Department van Landbou-Ontwikkeling, Pretoria.

 
 
 



Guariguata, M.R., 1990: Landslide disturbance and forest regeneration in the upper
Luquillo Mountains of Puerto Rico, Journal of Ecology, 78: 814-832.

Guth, P.L., 1995: Slope and aspect calculations on gridded digital elevation models;
examples form a geomorphometric toolbox for personal computers, Zeitschrift fOr
Geomorphologie, Supplementband, 101: 31-52.

Guzzetti, F., 1993: Landslide hazard and risk by GIS-based multivariate modBls,
Workshop on: Geographical Information Systems in Assessing Natural Hazards,
Villa la Colombella, University of Foreigners, Perugia, Italy, 20-22 September.

Guzzetti, F., Carrara, A., Cardinali, M. and Reichenbach, P., 1999: Landslide hazard
evaluation: a review of current techniques and their application in a multi-scale
study, Central Italy, Geomorphology, 31: 181-216.

Haggett, P. and Chorley, R.J.,1967: Models, paradigms and the new geography, In
Chorley, R.J. and Hagget, P. (eds.), Models in Geography, Methuen, London, pg.
19-42, In Hardisty, J., Taylor, D.M. and Metcalfe, S.E., 1993: Computerised
Environmental Modelling: a Practical Introduction Using Excel, Chichester, John
Wiley & Sons.

Hands, C.G., 1973: Report by City Engineer on unstable areas of Durban underlain by
shale, Confidential report to Durban Cooperation, In Garland, G.G. and Olivier,
M.J., 1993: Predicting landslides from rainfall in a humid, sUb-tropical region,
Geomorphology, 8: 165-173.

Heiken, D., 6 March 1997: Landslides and c1earcuts: what does science really say?
Http://www.umpqua-watersheds.org/landslides/slidestudies.html.

Hill, M.O., 1979: TWINSPAN - a FORTRAN program for arranging multivariate data in
an ordered two way table by classification of the individuals and the attributes,
Cornell University, Department of Ecology and Systematics, Ithaca, New York.

Hong, W., Han, J., Choi, S. and Hwang, I., 1997: The analysis of slope stability during
heavy rainfall, Proceedings of the International Symposium on Landslide Hazard
Assessment, Xian, pg. 367-376.

Horton, R.E., 1933: The role of infiltration in the hydrological cycle, Transactions of the
Annual Geophysical Union, 14: 446-460.

Huggett, R.J., 1985: Earth surface systems, Springer-Verlag, Berlin.

liritano, G., Versace, P. and Sirangelo, B., 1998: Real-time estimation of hazard for
landslides triggered by rainfall, Environmental Geology, 35(2-3): 175-183.

Iverson, R.M. and Major, J.J., 1986: Groundwater seepage vectors and the potential
for hillslope failure and debris-flow mobilization, Water Resources Research,
22(11): 1543-1548.

Ives, J.D. and Bovis, M.J., 1978: Natural hazards maps for land-use planning in San
Juan mountains, Colorado, USA, Arctic and Alpine Research, 10(2): 185-212.

 
 
 

http://Http://www.umpqua-watersheds.org/landslides/slidestudies.html.


Jenson, S.K. and Domingue, J.O., 1988: Extracting topographic structure from digital
elevation data for geographic information system analysis, Photogrammetric
Engineering and Remote Sensing 11: 1593-1600.

Jonasson, C., Kot, M. and Kotarba, A., 1991: Lichenometrical studies and dating of
debris flow deposits in the high Tatra mountains, Poland, Geografiska Annaler, 73a
(3-4): 141-146.

Karssenberg, D., 1994: PCRaster Manual, Version 2, Department of Physical
Geography, Utrecht, The Netherlands.

Keefer, D.K., Weiczorek, G.F., Harp, E.L. and Tuel, D.H., 1979: Preliminary
assessment of seismically induced landslide susceptibility, Progress on Seismic
Zonation in the San Francisco Bay Region, US Geological Survey Circular, 807:
49-60.

Kent, M. and Coker, P., 1996: Vegetation Description and Analysis, a Practical
Approach, John Wiley and Sons, Chichester.

Kienholz, H., 1978: Maps of geomorphology and natural hazards of Grindelwald,
Switzerland - scale 1:10000, Arctic and Alpine Research, 10(2): 169-184.

Killick, D.J.B., 1963: An account of the plant ecology of the Cathedral Peak areas of
the Natal Drakensberg, Memoirs of the Botanical Survey of South Africa, 32,
Department of Agricultural Technical Services, Pretoria.

Kirkby, M.J., 1971: Hillslope process response models based on the continuity
equation, Institute of British Geographers Special Publication, 3: 15-30.

Kirkby, M.J., 1980: The stream-head as a significant geomorphic threshold, In Coates,
D.R. and Vitek, J.D. (eds.), Thresholds in Geomorphology, Allen and Unwin,
Boston, pg. 53-73.

Kirkby, M.J., 1988: Hillslope runoff processes and models. Journal of Hydrology, 100:
315-339.

Kirkby, M.J., 1989: The future of modelling, In Macmillan, B. (Ed.), Remodelling
Geography, Basil Blackwell, Oxford, pg. 255-272.

Kirkby, M.J., 1990: The landscape viewed through models, Zeitschrift fOr
Geomorphologie, Supplementband, 79: 63-81.

Kirkby, M.J. and Chorley, R.J., 1967: Throughflow, overland flow and erosion, Bulletin
of the International Association of Hydrological Sciences, 12: 5-21.

 
 
 



Kirkby, M.J., Naden, P.S., Burt, T.P. and Butcher, D.P., 1987: Computer Simulation in
Physical Geography, John Wiley and Sons, Chichester.

Kodama, N., Hamada, T., Sokobiki, H. and Fukuoka, H., 1997: GPS observation of
ground movement in large scale landslides, Proceedings of the International
Symposium of Landslide Hazard Assessment, Xian, pg. 47-159.

Kuruppuarachi, T. and Wyrowoll, K.H., 199~: The role of vegetation clearing in the
mass failure of hillslopes - Moresby Ranges, Western Australia, Catena, 19(2):
193-208.

Lopez, C., 1997: Locating some types of random errors in digital terrain models,
International Journal of Geographical Information Science, 2(7): 677-698.

Larsen, M.C., 1995: Use of seismic refraction techniques for investigating recent
landslides in a tropical rain forest in Puerto Rico, In Miller, R.L., Escalante, J.A.,
Reinemund, J.A. and Bergin, M.J. (eds.), Energy and Mineral Potential of the
Central American-Caribbean Regions, Springer-Verlag, Berlin, pg. 411-414.

Li, Z., 1992: Variation of the accuracy of digital terrain models with sampling interval,
Photogrammetric Record, 12(72): 873-877.

Liao, X. and Xu, J., 1997: Theory and practice of time prediction for landslides,
Proceedings of the International Symposium on Landslide Hazard Assessment,
Xian, pg. 279-290.

Linstrom, W., 1981: Die Geologie van die Gebied Drakensberg, Geological Survey,
Department of Mineral and Energy Affairs, Pretoria.

Little, K.M., Metelerkamp, B. and Smith, C.W., 1998: A comparison of three methods
of soil water content determination, South African Journal of Plant and Soil
Science, 15(2): 80-89.

Maidment, D.R., 1996: GIS and hydrologic modelling - an assessment of progress,
The Third International Conference on GIS and Environmental Modelling,
http://www.colorado.edu/research/cires/banff/upload/305/, Santa Fe, New Mexico,
22-26 January.

McCarroll, D., 1994: A new approach to lichenometry: dating single age and
daichronous surfaces, The Holocene, 4: 383-396.

McCarthy, D.P., 1999: A biological basis for lichenometry?, Journal of Biogeography,
26: 379-386.

McDermid, G.J. and Franklin, S.E. 1995: Remote sensing and geomorphometric
discrimination of slope processes, Zeitschrift fOr Geomorphologie,
Supplementband, 101: 165-185.

 
 
 

http://www.colorado.edu/research/cires/banff/upload/305/,


Meiklejohn, K.I., 2000: Structural control on landscape evolution in the Drakensberg
and Lesotho mountains, southern Africa. Paper presented at the Southern African
Association of Geomorphologists VI Biennial Conference, University of Pretoria, 9-
12 July.

Mejia-Navarro, M., 1993: Geological Hazard and Risk Evaluation Using GIS:
Methodology and Model Applied to Medellin, Colombia, Unpublished Masters
Thesis, Colorado State University, Colorado.

Miller, C.L. and Laflamme, R.A, 1958: The digital terrain model - theory and
application, Photogrammetric Engineering, 24(3): 433-442.

Miller, D.J. and Sias, J., 1998: Deciphering large landslides: linking hydrological,
groundwater and slope stability models through GIS, Hydrological Processes,
12(6): 923-941.

Montgomery, D.R. and Dietrich, W.E., 1994: A physically based model for the
topographic control of shallow landsliding, Water Resources Research, 30(4):
1153-1171.

Montgomery, D.R., Dietrich, W.E. and Sullivan, K., 1998: The role of GIS in watershed
analysis, In Lane, S.N., Richards, K.S. and Chandler, J.H. (eds.), Landform
Monitoring, Modelling and Analysis, John Wiley and Sons, London, pg 241-261.

Moore, I.D., Burch, G.J. and McKenzie, D.H., 1988: Topographic effects on the
distribution of surface soil water and the location of ephemeral gullies,
Transactions of the ASAE, 31(4): 1098-1107.

Morgan, R.P.C., Quinton, J.N., Smith, R.E., Govers, G., Poesen, J.W.A, Auerswald,
K., Chisci, G., Torri, D., Styczen, M.E. and Folly, AJ.V., 1998: The European Soil
Erosion Model (EUROSEM): Documentation and User Guide, Cranfield University,
United Kingdom.

Morin, J and Kosovsky, A, 1995: The surface infiltration model, Journal of Soil and
Water Conservation, 50(5): 470-476.

Morin, J. and Benyamini, Y., 1988: Tillage method selection based on runoff modelling
In Morin, J and Kosovsky, A, 1995: The surface infiltration model, Journal of Soil
and Water Conservation, 50(5): 470-476.

Mulder, F., 1991: Assessment of landslide hazard, Netherlands Geographical Studies
No 124, Koninklijk Nederlands Aardrijkskundig Genootschap (KNAG), Utrecht.

Munro-Perry, P.M., 1990: Slope development in the Kerkspruit Valley, Orange Free
State, South Africa, Zeitschrift fOr Geomorphologie, 34: 409-421.

Myster, R.W. and Walker, L.R., 1997: Plant successional pathways on Puerto Rican
landslides, Journal of Tropical Ecology, 13: 165-173.

Myster, R.W., Thomlinson, J.R. and Larsen, M., 1997: Predicting landslide vegetation
in patches on landscape gradients in Puerto Rico, Landscape Ecology, 12: 299-
307.

 
 
 



National Soil Erosion Laboratory, 1995: USDA Water erosion prediction project WEPP,
NSERL Report No.10, USDA-ARW-MWA, JUly 1995, Technical document.
National Soil Erosion Laboratory, USA.

Nicholas, J.W. and Butler, D.A., 1996: Application of relative-age dating techniques on
rock glaciers of the La Sal Mountains, Utah - An Interpretation of Holocene
Paleoclimates, Geografiska Annaler, 78A(1): 1-18.

Niemann, K.O. and Howes, D.E, 1991: Applicability of digital terrain models for slope
stability assessment, ITC Journal, 3: 127-137.

Nixon, P.H. (Ed.), 1973: Lesotho Kimberlites, Lesotho National Development
Corporation, Maseru.

Nogami, M., 1995: Geomorphometric measures for digital elevation models, Zeitschrift
fOr Geomorphologie, Supplementband, 101: 53-67.

O'Connor, T.G. and Bredenkamp, G.J., 1997: Grassland, In Cowling, A.M.,
Richardson, D.M. and Pierce, S.M. (eds.), Vegetation of Southern Africa,
Cambridge University Press, United Kingdom, pg. 215-257.

O'Loughlin, E.M., 1986: Prediction of surface saturated zones in natural catchments by
topographic analysis, Water Resources Research, 22(5): 794-804.

Okumura, T. and Nakagawa, M., 1988: A method for predicting surface mountain
slope failure with a digital landform model, Shin Sabo, 41: 48-56.

Olivier, M., Garland, G., Jermy, C. and Sumner, P.D., 1993: Rainfall-landslide
relationships in Durban - A preliminary assessment, Geookodynamik, 14 (1-2): 85-
93.

Onda, Y., 1993: Underlying rock type controls of hydrological processes and shallow
landslide processes, sediment problems - strategies for monitoring, prediction and
control, Proceedings of an International Symposium, IAHS Publication No 217,
Yokohama JP., Institue of Hydrology, Wallingformd, 19-21 July.

Paige-Green, P., 1989: Landslides: extent and economic significance in southern
Africa, In Brabb, EE and Harrod, B.L. (eds.), Landslides: Extent and Economic
Significance, Balkema, Rotterdam, pg. 261-269.

Pasuto, A. and Silvano, S., 1998: Rainfall as a trigger of shallow mass movement - a
case stUdy in the dolomites, Italy, Environmental Geology, 35(2-3): 184-189.

Pegram, G. and Adamson, P., 1988: Revised risk analysis for extreme storms and
floods in Natal/KwaZulu, The Civil Engineer in South Africa, January, 30: 15-20.

Pickles, J., 1985: Landscape appreciation and preferences in the Natal Drakensberg,
Natal Town and Regional Planning Commission Supplementary Report, 17,
University of Natal, Pietermaritzburg.

 
 
 



Pike, A.J., 1995: Geomorphometry - progress, practice and prospect, Zeitschrift fOr
Geomorphologie, Supplementband, 101: 221-238.

Poesen, J., 1984: The influence of slope angle on infiltration rate and Hortonian
overland flow volume, Zeitschrift far Geomorphologie, Supplementband, 49: 117-
131.

Radbruch-Hall, D.H. and Varnes, D.J., 1976: Landslides - cause and effect, Bulletin of
the International Association of Engineering Geology, 14: 205-216.

Rebscher, D., KGmpel, H.J. and Neugebauer, H.J., 1993: Ground movement due to
biological cause, http://www.geo.uni-bonn.de/projectslrebscher modulation. gif.

Reid, M.E. and Iverson, A.M., 1992: Gravity driven flow and slope failure potential,
Two: effects of slope morphology, material properties and hydraulic heterogeneity,
Water Resources Research, 28(3): 939-950.

Robertson, K.M. and Augspurger, C.K., 1999: Geomorphic processes and spatial
patterns of primary forest succession on the Bogue Chitto river, USA, Journal of
Ecology, 87: 1052-1063.

Sanchez, G. and Puigdefabregas, J., 1994: Interactions of plant growth and sediment
movement on slopes in a semi-arid environment, Geomorphology, 9: 243-260.

Sarkar, S., Kanungo, D.P. and Mehrotra, G.S., 1995: Landslide hazard zonation· a
case study in Garhwal Himalaya, India, Mountain Research and Development,
15(4): 301-309.

Scheidegger, A.A., 1961: Mathematical models of slope development, Bulletin of the
Geological Society of America, 72: 37-49.

Schulze, A.E., 1974: Catchment Evapotranspiration in the Natal Drakensberg.
Unpublished P.hD. thesis, University of Natal, Pietermaritzburg.

Schulze, R.E., 1981: Mean monthly temperature distribution for Natal, Agricultural
Catchments Research Unit, Report 11, Department of AgriCUltural Engineering,
University of Natal, Pietermartizburg.

Schuster, A.L. and Krizek, A.J., 1978: Landslides: Analysis and Control, National
Academy of Sciences, Washington, D.C., Special report 176.

Schumm, S.A., 1973: Geomorphic thresholds and complex response of drainage
systems, In Morisawa, M., Fluvial Geomorphology, Allen and Unwin, London, pg.
299-310.

Selby, M.J., 1993: Hillslope: Materials and Processes, Second Edition, Oxford
University Press, Oxford.

Senarath, S.U.S., Ogden, F.L., Downer, C.W. and Sharif, H.O., 2000: On the
calibration and verification of two-dimensional, distributed, Hortonian, continuous
watershed models, Water Resources Research, 36(6): 1495-1510.

 
 
 

http://www.geo.uni-bonn.de/projectslrebscher


Serota, S. and Jangle, A, 1972: A Direct Reading Pocket Shear Vane, Engineers
Notebook, Pilcon Engineering Limited.

Shroder, J.F., 1998: Slope failure and denudation in the western Himalaya,
Geomorphology, 26: 81-105.

Sidle, R.C., Pearce, AJ., and O'Loughlin, C.L., 1985: Hillslope stability and landuse,
Water Resources Monograph Series 11, American Geophysical Union.

Skempton, AW., 1953: Soil mechanics in relation to geology, In Blong, R.J., 1973: A
numerical classification of selected landslides of the debris slide-avalanche-flow
type, Engineering Geology, 7: 99-114.

Smith, T.R. and Bretherton, F.P., 1972: Stability and conservation of mass in drainage
basin evolution, Water Resources Research, 8(96): 1506-1529.

StatSoft Inc., 1995: Statistica for Windows, Release 5.0, (Computer Manual), Tulsa,
USA

Stockley, G.M., 1947: Report on the Geology of Basutholand, Government Printer,
Maseru.

Strahler, AN., 1950: Equilibrium theory of erosional slopes, American Bulletin of
Science, 248: 673-696, In Macmillan, B. (Ed.), Remodelling Geography, Basil
Blackwell, Oxford.

Strahler, AN., 1952: Dynamic basis of geomorphology, Bulletin of the Geological
Society of America, 63: 923-938.

Sumner, P.O. and Meiklejohn, K.I., 2000: Landscape evolution in a changing
environment, In Fox, R. and Rowntree, K. (eds.), The Geography of South Africa in
a Changing World, Oxford University Press, Cape Town.

Sumner, P.O., 1993: A landslide complex near Sani Pass, Natal Drakensberg, South
Africa, Geookodynamik, 14 (1-2): 93-103.

Sumner, P.O., 1997: Case studies in the Giant's Castle Game Reserve,
SoSAG/SAAG/SAPG Field guide for the International Conference on Environment
and Development in Africa: an Agenda and Solutions for the 21 sl century, 4-6 July.

Survey Department, 1970: Giant's Castle Game Reserve (scale 1:20000), University
of Natal, Durban.

Tang, S.M. and Montgomery, D.R., 1995: Riparian buffers and potentially unstable
ground, Environmental Management, 19: 741-749.

Terlien, M.T.J., 1996: Modelling saturated subsurface flow in steep mountainous
catChments, ITe Journal, 4(3): 264-271.

 
 
 



Terlien, M.T.J., 1998: The determination of statistical and deterministic hydrological
landslide-triggering thresholds, Environmental Geology, 35(2-3): 124-130.

Thomas, R.W. and Huggett, R.J., 1980: Modelling in Geography: a Mathematical
Approach, Harper and Row, London.

Thornes, J., 1989: Geomorphology and grass roots models, In Macmillan, B. (Ed.),
Remodelling Geography, Basil Blackwell, Oxford, pg 3-21.

Tricker, AS., 1981: Spatial and temporal patterns in infiltration, Journal of Hydrology,
49: 261-277.

Tyson, P.D., Preston-Whyte, R.A and Schulze, R.E., 1976: The climate of the
Drakensberg, Natal Town and Regional Planning Report Vol. 31, Town and
Regional Planning Commission, Natal.

Utrecht University, 1994: PCRaster Programming Language, Version 2, Faculty of
Geographical Sciences, The Netherlands.

Van Asch, T.W.J., 1983: The stability of slopes in the Ardennes Region, In Terwindt,
J.H.J. and Van Steijn, H. (eds.), Developments in physical geography - a tribute to
J.I.S. lonneveld, Geologie en Mijnbouw, 62: 683-688.

Van Asch, T.W.J., Brinkhorst, W.H., Buist, H.J., and Van Vessem, P.V., 1984: The
development of landslides by retrogressive failure in varved clays, Zeitschrift fOr
Geomorphologie, Supplementband, 40: 165-181.

Van Asch, T.W.J., Kuipers, B. and Van Der landen, D.J., 1993: An information
systems for large scale quantitative hazard analysis of landslides, Zeitschrift fOr
Geomorphologie, Supplementband, 87: 133-140.

Van Der Eyk, J.J., MacVicar, C.N. and De Villiers, J.M., 1969: Soils of the Tugela
Basin, Natal Town and Regional Planning Commission, Pietermaritzburg.

Van Steijn, H. and Van Den Hof, G.J.J., 1983: Stability of slopes near Barcelonnette
(Alpes De Haute Provence, France) - a case study in slope stability mapping, In
Terwindt, J.H.J. and Van Steijn, H. (eds.), Developments in physical geography - a
tribute to J.I.S. lonneveld, Geologie en Mijnbouw, 62: 677-682.

Van Westen, C.J. and Terlien, M.T.J., 1996: An approach towards deterministic
landslide hazard analysis in GIS - A case study form Manizales (Colombia), Earth
Surface Processes and Landforms, 21: 853-868.

Varnes, D.J., 1958: Landslide - types and processes, In Beckedahl, H.R., Hanvey,
P.A and Dardis, G.F., 1988: Geomorphology of the Esikhaleni mass movement
complex, Transkei, southern Africa: preliminary observations In Dardis, G.F. and
Moon, B.P. (eds.), Geomorphological StUdies in Southern Africa, Balkema, The
Netherlands, pg. 457-471.

 
 
 



Varnes, D.J., 1978: Slope movements and types of processes, In Schuster, A.L. and
Krizek, A.J. (eds.), Landslides - Analysis and Control, Transportation Research
board National Academy of Sciences, Washington Special Report, 176: 11-33.

Varnes, D.J., 1984: Landslide Hazard Zonation - a Review of the Principles and
Practice, UNESCO, Paris.

Walker, L.A. and Boneta, W., 1995: Plant and soil responses to fire on a fern-covered
landslide in Puerto Rico, Journal of Tropical Ecology, 11: 473-479.

Ward, R.C. and Robinson, M., 1990: Principles of Hydrology, Third Edition, McGraw-
Hill, London.

Ward, T.J., Ruh-Ming, L. and Simons, D.B., 1982: Mapping landslide hazards in forest
watershed, Journal of Geotechnical Engineering Division, Proceedings of the
American Society of Civil Engineers, 108(GT2): 319-324.

Watson, H.K., 1988: Terracettes in the Natal Drakensberg, In Dardis, G.F. and Moon,
B.P., Geomorphological Studies in South Africa, Balkema, Rotterdam, pg. 299-
310.

Webb, D.L. and Mival, K.N., 1983: Notes on the engineering geological factors
influencing the stability of shale slopes in the Durban area - types of ground
movement and causes, In Garland, G.G. and Olivier, M.J., 1993: Predicting
landslides from rainfall in a humid, sub-tropical region, Geomorphology, 8: 165-
173.

Weibel, A. and Brandli, M., 1995: Adaptive methods for the refinement of digital
terrain models for geomorphometric applications, Zeitschrift fOr Geomorphologie,
Supplementband, 101: 13-30.

Wesseling, C.G., Karssenberg, D., Van Deursen, W.P.A and Burrough, P.A, 1996:
Integrating dynamic environmental models in GIS - the development of a dynamic
modelling language, Transactions in GIS, 1: 40-48.

Winchester, V. and Harrison, S., 1994: A development of the Iichenometric method
applied to the dating of glacially influenced debris flows in the southern Chile, Earth
Surface Processes and Landforms, 19: 137-151.

Wu, W. and Sidle, A.C., 1995: A distributed slope stability model for steep forested
basins, Water Resources Research, 31: 2097-2110.

Ziemer, A.A., 1981: Roots and the stability of forested slopes, In Davies, R.H. and
Pearce, AJ. (eds.), Symposium on Erosion and Sediment Transport in Pacific Rim
Steeplands, I.AH.S.-AI.S.H. Publication, 132: 343-351.

 
 
 



Appendix 1: Potential evapotranspiration (fgI}

PET value ranges in the KwaZulu-Natal Drakensberg expressed as a percentage
of the rainfall per month (after Tyson et al., 1976).

Season Months PET PET

(% of rainfall) monthly difference

Summer December 53% 9%

January 62% 9%

February 53% 8%

Autumn March 45% 8%

April 36% 9%

May 27% 9%

Winter June 19% 8%

July 10% 9%

August 19% 9%

Spring September 27% 8%

October 36% 9%

November 45% 8%

Average 8.6%

 
 
 



Appendix 2: Landslide inventory

Details of the landslide inventory on a study area in the Injisuthi Valley,
KZN Drakensberg.

Coordinate (0) Vegetation
# Position TVDe South East recovery
1 land translational 29.10989 29.47567 10 - 30 %
2 land translational 29.10997 29.47572 10 - 30 %
3 land rotational 29.10974 29.47606 10 - 30 %
4 land rotational 29.10975 29.47636 10 - 30 %
5 land rotational 29.10976 29.47640 10 - 30 %
6 land rotational 29.10941 29.47641 10 - 30 %
7 river translational 29.10954 29.47661 10 - 30 %
8 river translational 29.11069 29.47641 30-60%
9 river translational 29.11069 29.47654 30-60%
10 river translational 29.11095 29.47625 30-60%
11 river translational 29.11124 29.47631 30-60%
12 river translational 29.11134 29.47608 30-60%
13 river translational 29.11186 29.47604 60-90%
14 river translational 29.11187 29.47601 60-90%
15 river translational 29.11194 29.47616 30-60%
16 river rotational 29.11219 29.47620 10 - 30 %
17 river translational 29.11201 29.47608 60-90%
18 river translational 29.11209 29.47609 60-90%
19 river translational 29.11219 29.47609 30-60%
20 river translational 29.11245 29.47626 60-90%
21 river translational 29.11253 29.47613 60-90%
22 river translational 29.11296 29.47627 60-90%
23 river translational 29.11301 29.47628 30-60%
24 river translational 29.11292 29.47624 60-90%
25 river translational 29.11345 29.47653 60-90%
26 river translational 29.11342 29.47659 60-90%
27 river translational 29.11413 29.47758 60-90%
28 river translational 29.11543 29.47875 10 - 30 %
29 land translational 29.11555 29.47884 60-90%
30 land rotational 29.11553 29.47889 30-60%
31 land rotational 29.11556 29.47895 60-90%
32 land translational 29.11548 29.47909 30-60%
33 land translational 29.11547 29.47917 60-90%
34 land translational 29.11539 29.47932 10 - 30 %
35 land rotational 29.11548 29.47944 10 - 30 %
36 land translational 29.11542 29.47958 30 - 60 %
37 land translational 29.11535 29.47954 30-60%
38 land translational 29.11531 29.47984 30-60%
39 land translational 29.11528 29.48003 10 - 30 %
40 land translational 29.11548 29.48017 60-90%
41 land translational 29.11559 29.48036 10 - 30 %
42 land translational 29.11571 29.48049 60-90%
43 land translational 29.11582 29.48051 30-60%
44 land translational 29.11588 29.48071 60-90%
45 land translational 29.11626 29.48119 60-90%
46 river translational 29.11624 29.48152 60-90%
47 river translational 29.11619 29.48151 60·90%
48 river translational 29.11613 29.48141 60·90%
49 river rotational 29.11602 29.48138 60-90%
50 river rotational 29.11602 29.48133 60-90%

 
 
 



51 river rotational 29.11597 29.48126 60 - 90 %
52 river rotational 29.11590 29.48126 60 - 90 %
53 river translational 29.11591 29.48135 60-90%
54 river translational 29.11580 29.48139 60-90%
55 river translational 29.11557 29.48137 30-60%
56 river translational 29.11568 29.48126 60 - 90 %
57 river translational 29.11553 29.48129 60·90 %
58 river translational 29.11550 29.48125 60-90%
59 river translational 29.11524 29.48124 60-90%
60 river translational 29.11515 29.48109 60 - 90 %
61 river translational 29.11488 29.48110 30 - 60 %
62 river rotational 29.11481 29.48115 60 - 90 %
63 river translational 29.11364 29.48002 60 - 90 %
64 river translational 29.11320 29.47989 60 - 90 %
65 river translational 29.11329 29.47955 60 - 90 %
66 river translational 29.11302 29.47881 60-90%
67 river translational 29.11295 29.47865 60-90%
68 river translational 29.11302 29.47851 60-90%
69 river translational 29.11313 29.47849 60 - 90 %
70 river translational 29.11315 29.47857 30-60%
71 river translational 29.11325 29.47851 30·60%
72 river translational 29.11325 29.47850 60 - 90 %
73 river translational 29.11331 29.47850 60-90%
74 river translational 29.11338 29.47852 10 - 30 %
75 river translational 29.11346 29.47845 60-90%
76 river translational 29.11292 29.47802 60-90%
77 river translational 29.11260 29.47766 60-90%
78 river translational 29.11216 29.47742 60-90%
79 river translational 29.11149 29.47694 60·90 %
80 river translational 29.11104 29.47674 60-90%
81 river translational 29.11059 29.47669 60 - 90 %
82 river translational 29.11038 29.47669 60-90%
83 land translational 29.11853 29.48150 0- 10 %
84 land translational 29.11861 29.48147 30-60%
85 land translational 29.11873 29.48158 60-90%
86 land translational 29.11879 29.48185 10 - 30 %
87 land translational 29.11879 29.48214 30-60%
88 land translational 29.11879 29.48235 10 - 30 %
89 land translational 29.11884 29.48245 10 - 30 %
90 land translational 29.11870 29.48257 10 - 30 %
91 land translational 29.11880 29.48266 60 - 90 %
92 land translational 29.11878 29.48290 30-60%
93 land translational 29.11871 29.48302 60·90 %
94 land translational 29.12201 29.48404 60-90%
95 land translational 29.12119 29.48555 30-60%
96 land translational 29.12088 29.48535 30 - 60 %
97 river translational 29.11990 29.48424 60-90%
98 river translational 29.11875 29.48090 60-90%

 
 
 



Appendix 3: Landslide morphometry

Morphometric measures for landslides in steep slope colluvium and
riverbanks on a study area in the InjisuthiValley, KZN Drakensberg.

Position of Length Width Depth OIL Area mZ VoTume
landslide ILl IWI 101 ratio IL*WI m3

1 land 16.00 16.50 0.60 3.75 264.00 158.40
2 land 4.00 9.50 0.50 12.50 38.00 19.00
3 land 4.00 13.80 0.40 10.00 55.20 22.08
4 land 10.00 14.50 0.40 4.00 145.00 58.00
5 land 7.00 9.50 0.70 10.00 66.50 46.55
6 land 5.00 8.40 0.60 12.00 42.00 25.20
7 land 9.00 17.00 0.40 4.44 153.00 61.20
8 land 11.00 13.90 0.70 6.36 152.90 107.03
9 land 8.85 16.60 0.80 9.04 146.91 117.53
10 land 3.70 5.50 0.70 18.92 20.35 14.25
11 land 10.00 6.40 0.35 3.50 64.00 22.40
12 land 5.50 11.80 0.60 10.91 64.90 38.94
13 land 9.70 23.00 0.50 5.15 223.10 111.55
14 land 11.20 6.50 0.80 7.14 72.80 58.24
15 land 28.40 9.60 0.80 2.82 272.64 218.11
16 land 27.00 13.50 1.00 3.70 364.50 364.50
17 land 4.50 10.60 1.80 40.00 47.70 85.86
18 land 5.40 10.80 0.46 8.52 58.32 26.83
19 land 2.85 14.40 0.38 13.33 41.04 15.60
20 land 3.00 11.10 0.28 9.33 33.30 9.32
21 land 14.00 10.95 0.30 2.14 153.30 45.99
22 land 20.35 14.00 0.50 2.46 284.90 142.45
23 land 10.40 5.50 0.80 7.69 57.20 45.76
24 land 10.30 5.20 0.70 6.80 53.56 37.49
25 land 8.00 8.80 0.30 3.75 70.40 21.12
26 land 11.00 6.60 0.28 2.55 72.60 20.33
27 land 8.30 6.30 0.58 6.99 52.29 30.33
28 land 11.20 4.90 0.70 6.25 54.88 38.42
29 land 8.87 7.59 0.60 6.76 67.32 40.39
30 land 9.20 17.60 0.78 8.48 161.92 126.30
31 river 14.00 8.50 0.70 5.00 119.00 83.30
32 river 9.30 8.90 0.70 7.53 82.77 57.94
33 river 15.00 14.10 1.10 7.33 211.50 232.65
34 river 11.90 2.50 1.02 8.57 29.75 30.35
35 river 3.20 18.90 0.31 9.69 60.48 18.75
}6 river 1.20 2.70 0.10 8.33 3.24 0.32
37 river 4.90 12.40 0.46 9.39 60.76 27.95
38 river 5.10 17.90 0.50 9.80 91.29 45.65
39 river 3.30 3.20 0.24 7.27 10.56 2.53
40 river 4.00 4.65 0.34 8.50 18.60 6.32
41 river 3.60 7.10 0.40 11.11 25.56 10.22
42 river 3.30 9.20 0.29 8.79 30.36 8.80
43 river 4.10 7.80 0.42 10.24 31.98 13.43
44 river 4.00 5.90 0.38 9.50 23.60 8.97
45 river 17.20 4.60 1.80 10.47 79.12 142.42
46 river 10.10 7.10 0.81 8.02 71.71 58.09
47 river 6.30 6.85 0.57 9.05 43.16 24.60
48 river 3.20 3.00 0.32 10.00 9.60 3.07
49 river 2.00 1.50 0.20 10.00 3.00 0.60
50 river 5.50 7.90 0.45 8.18 43.45 19.55
51 river 5.30 4.90 0.57 10.75 25.97 14.80
52 river 5.50 4.60 0.42 7.64 25.30 10.63
53 river 5.10 6.80 0.45 8.82 34.68 15.61
54 river 6.90 8.30 0.36 5.22 57.27 20.62
55 river 4.80 10.20 0.50 10.42 48.96 24.48
56 river 17.50 22.40 0.58 3.31 392.00 227.36
57 river 18.90 14.00 0.78 4.13 264.60 206.39
58 river 10.00 18.60 0.38 3.80 186.00 70.68
59 river 13.10 4.90 0.76 5.80 64.19 48.78
60 river 20.00 9.20 0.80 4.00 184.00 147.20

Average
land 9.92 11.01 0.61 8.31 111.82 70.97
river 7.94 8.62 0.56 8.02 77.75 52.74

 
 
 



Interquartile range
Quartile 1 3
Length 4.40 11.05
Width 6.20 13.83
Depth 0.38 0.70

DEPTH = .22789 + .04001 • LENGTH

Correlation: r = .75628

..•..•.....Regression
95%confid.

E- 1.2.ca.
Q)
o 0.8

Results of the T-test for dependent samples (P<O.05 is significant

difference).

Std.Dv.
Mean Std.Dv. N Diff. Diff. df P Difference

OIL slope 0.070994 0.022879
riverbank 0.080222 0.022675 30 -0.00923 0.03075 29 0.111 Not significant

Area slope 111.8178 89.37769
riverbank 77.7485 87.94353 30 34.06928 128.179 29 0.156 Not sionificant

Volume slope 87.55465 126.0892
riverbank 52.73521 68.28022 30 34.81944 139.426 29 0.182 Not sionificant

 
 
 



Appendix 4: Soil survey

Details of the soil survey for two soil profiles in study area S in the

Injisuthi Valley.

PROFILE 1 2
PLACE Injisuthi Valley, near pipe and gully Injisuthi V.alley, near pipe and gully
VEGETATION Themeda - Trachypogon grassland, 90% Themeda - Trachypogon grassland, 90%

basal cover basal cover
% SLOPE 7° 5°
LANDFORM Riverbed Riverbed, foothills
TOPOGRAPHY
SOILUSE Conservation area Conservation area
HORIZON Orthic A E Soft plinthic Orthic A E Soft plinthic

B B
TRANSITION Gradual Gradual Gradual Gradual Gradual Gradual
DEPTH 120mm 500mm 104m 120mm 510mm >510mm
MOISTURE Dry Dry Moist Dry Dry Moist
COLOUR Dark brown Light brown Light brown Dark brown Light brown Light brown
MOTILiNG I CONTRAST X X Distinct X Distinct Distinct

I INTENSITY X X Strong X Weak Strong
TEXTURE Sand Sand Clay Sand Sand Clay
CONSISTENCY Slightly hard Slightly hard Hard Slightly hard Slightly hard Hard
CEMENTATION Strongly Strongly Hard Strongly Strongly Hard

cemented cemented cemented cemented
STRUC-TURE GRADE

TYPE
CLASS

CON- TYPE X X Orange X Orange Orange
CRETIONS AMOUNT X X 40% X 10% 40%
ROCKS AMOUNT X X <10% X X 20%

FORM X X Round X X Flat-round
SIZE X X ±9cm X X ±20 cm

ROOTS Frequent Frequent Seldom Frequent Frequent Seldom
PERMEABiliTY Fast Fast Medium Fast Fast Fast
UNDERLYINGMATERIAL Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone
GENERAL X X X X X X

 
 
 



Appendix 5: Soil depth and slope angle

Field measured soil depth variability with slope angle in the Injisuthi Valley, KZN
Drakensberg.

Soil depth (m) Slope angle
• (0)

Profile 1 2.00 2.00
0.35 25.00
0.42 28.00
0.42 28.00
0.50 40.00
0.50 40.00
0.55 37.00
1.60 9.00

Profile 2 0.65 36.00
0.66 21.00
0.66 21.00
0.69 24.00
0.71 42.00
0.73 32.00
0.86 35.00

Profile 3 2.00 2.00
2.00 5.00
0.60 9.00
2.00 10.00
2.00 15.00
2.00 19.00
2.00 19.00
2.00 21.00
2.00 21.00
2.00 24.00
0.35 25.00
2.00 32.00
0.65 36.00
0.55 37.00
0.71 39.00
0.71 45.00

Average
(n=31)

Soil depth
ran e m
0-0.5
0.5-1.0
1-1.5
1.5-2

 
 
 



Tanqent of slope anqle ranqe Soil depth (em)
[ 0.001745 , 0.017455 > 370
[ 0.017455 , 0.03492 > 360
[ 0.03492 , 0.052407 > 350
[ 0.052407 , 0.069926 > 340
[ 0.069926 , 0.087487 > 330
[ 0.087487 , 0.105102 > 320
[ 0.105102, 0.122782 > 310
[ 0.122782 , 0.140538 > 300
[ 0.140538 , 0.158382 > 290
[ 0.158382 , 0.176324 > 280
[ 0.176324 , 0.194377 > 270
[ 0.194377 , 0.212553 > 260
[ 0.212553 , 0.230864 > 250
[ 0.230864, 0.249324 > 240
[ 0.249324, 0.267944 > 230
[ 0.267944 , 0.28674 > 220
[ 0.28674, 0.305725 > 210
[ 0.305725 , 0.324914 > 200
[ 0.324914 , 0.344321 > 190
[ 0.344321 , 0.363964 > 180
[ 0.363964, 0.383857 > 170
[ 0.383857 , 0.404019 > 160
[ 0.404019 , 0.424467 > 150
[ 0.424467 , 0.44522 > 140
[ 0.44522 , 0.466299 > 130
[ 0.466299 , 0.487723 > 120
[ 0.487723 , 0.509516 > 110
[ 0.509516 , 0.531699 > 100
[ 0.531699 , 0.554298 > 90
[ 0.554298 , 0.577339 > 80
[ 0.577339 , 1 > 70
[ 1 , 1.02733 > 60
[ 1.02733 , 1.05466 > 50
[ 1.05466 , 1.08199 > 40
[ 1.08199 , 1.10932 > 30
[ 1.10932 , 1.19175 > 20
r 1.19175, 4.704 > 0.1

 
 
 



Appendix 7: Bulk density

Bulk density values (g/cm3) for sites S at the surface and at a depth (0)

of 1m and the control site C in the Injisuthi Valley.

Test (S) Depth (D) Control (C)
1 0.5 0.4 1.4
2 0.6 0.6 1.5
3 0.6 1.0 1.3
4 0.6 1.9 1.3
5 0.6 1.4 1.4
6 0.6 1.7 1.2
7 0.7 0.9 1.4
8 0.7 1.3 1.1
9 0.7 1.2 1.5
10 0.8 0.5 1.2
11 0.8 1.3 1.3
12 0.9 0.7 1.2

Average 0.7 1.1 1.3
Minimum 0.5 0.4 1.1
Maximum 0.9 1.9 1.5
Std. Dev. 0.1 0.5 0.1

Sample areas Type of t-test n P value Difference
Sand D Equal variance n=n, two tailed 12 0.00000004 significant
Sand C Equal variance n=n, two tailed 12 0.02658453 significant
D and C Equal variance n=n, two tailed 12 0.40959849 not siQnificant

 
 
 



Appendix 8: Soil moisture

Soil moisture values (%) for sites S at the surface and at a depth (0) of

1m and the control site C in the Injisuthi Valley.

Test (5) Control (C) Depth (D)
1 11.5 9.5 7.7
2 14.2 8.2 7.4
3 19.7 13.9 6.6
4 25.7 10.7 12.5
5 23.6 10.0 12.3
6 43.2 9.4 14.4
7 5.5 4.8 12.5
8 5.0 8.0 10.4
9 7.3 6.1 13.7
10 6.2 6.0 9.7
11 13.0 11.1 9.0
12 18.2 13.8 5.3

Average 16.1 9.3 10.1
Minimum 5.0 4.8 5.3
Maximum 43.2 13.9 14.4
Std. Dev. 11.1 2.9 3.0

 
 
 



Appendix 9: Shear strength

Shear strength values (kPa) for 4 sites in study area S in the Injisuthi
Valley.

1 2 3 4
1 38 40 32 29
2 29 39 32 37
3 40 41 45 29
4 34 46 41 36
5 35 45 22 42
6 24 38 48 35
7 34 54 40 31
8 48 46 40 30
9 37 44 37 29
10 42 46 35 28
11 36 44 36 30
12 37 52 32 30
13 27 52 31 27
14 35 48 52 35
15 24 54 48 40
16 21 40 38 36
17 35 52 48 36
18 34 46 33 42
19 34 46 35 32
20 22 45 40 33
21 22 45 38 33
22 38 36 39 38
23 22 34 34 44
24 33 28 34 36
25 31 40 38 39
26 38 40 33 31
27 30 40 35 37
28 34 52 43 45
29 39 34 38 39
30 32 42 33 42
31 36 39 41 35
32 34 41 46 26
33 28 46 36 39
34 36 45 36 31
35 34 38 34 39
36 31 54 35 32
37 29 46 28 25
38 45 44 39 32
39 36 46 52 29
40 25 44 40 32
41 38 52 32 26
42 37 52 32 38
43 39 48 51 32
44 34 54 35 29
45 43 40 24 37
46 40 52 32 29
47 38 46 33 31
48 48 46 30 34
49 38 45 48 31
50 31 45 34 39
51 46 36 34 32
52 44 34 32 32
53 32 28 42 36
54 50 40 46 38
55 40 40 55 43
56 32 40 54 37
57 42 52 44 35
58 42 34 56 30

Averaae 35 44 38 34
SId dav 7 6 8 5
Min 21 28 22 25
Max 50 54 56 45

 
 
 



Appendix 10: Contour lengths

Contour lengths derived in ArcView@3.1 for study area S used in critical

rainfall (Rc) calculations.

Altitudinal range Contour length
(m. a.s.l.) (em)

1340 - 1360 20000
1360 - 1380 20000
1380 - 1400 20000
1400 - 1420 50000
1420 - 1440 60000
1440 - 1460 40000
1460 - 1480 40000
1480 - 1500 40000
1500 - 1520 50000
1520 - 1540 80000
1540 - 1560 50000
1560 - 1580 50000
1580 - 1600 40000
1600 - 1620 40000
1620 - 1640 40000
1640 - 1660 30000
1660 - 1680 30000
1680 - 1700 30000
1700 - 1720 30000
1720 - 1740 30000
1740 - 1760 30000
1760 - 1780 40000
1780 - 1800 50000
1800 - 1820 50000
1820 - 1840 40000
1840 - 1860 30000
1860 - 1880 0

 
 
 



Moisturecont1 =scalar(0.1);
Moisturecont2=scalar(0.1 );
Overlandflow=scalar(0.1 );

#New depth (em) of unsaturated layers
H1=max(0.025*H,(H-Waterheight)*Frh1);
H2=max(0.025*H, (H-Waterheight) *Frh2);

##SURFACE WATER (Fig 4.2)
Precip=timeinputscalar( rain31 .tss,clone.map);
PET =timeinputscalar(pet31.tss,clone.map);
AET =if(Moisturecont1 >Tetafield,PET,PET-( (Tetafield-Moisturecont1)fT etafield)*PET);

#Increase (and decrease) in moisture content due to rainfall and evaporation
Deltamoist1 =max(Precip-AET,0.01);
report dmoist. tss=timeoutput(OutFlowPoint, Deltamoist1 );

#Vegetation interception (Equation 4.8)
Grass=max(0.01 ,(1-((7.6*ln(7175.0*Deltamoist1 ))/1 00)));
Intercept=(Deltamoist1 *Grass);
report intercep. tss=timeoutput(OutFlowPoint, Intercept);

#SOIL WATER (Fig 4.2)
Deltamoist=max((Deltamoist1-lntercept),0.01 );

#quantity of water entering top soil layer
report atwater.tss=timeoutput(OutFlowPoint, Deltamoist);

#Horton overland flow occuring in the upper soil layer
Hortonianflow=accuthresholdflux(Ldd,Deltamoist,Ksat) ;
report horton. tss=ti meoutput( OutFlowPoint, Hortonianflow);

#Percolation (Equation 4.4)
Bi=( -2.655)/log 1O(TetafieldfT etamax);

#Calculating Kteta in em/day for upper and lower soil layers.
Kteta 1=(Ksat*( (Moisturecont1 )/(Tetamax)) **Bi);
Kteta2=(Ksat2* ((Moistu recont2)/(T etamax)) **Bi);

Percolation 1=if(Moisturecont1 <Tetafield,O, Kteta 1);
Percolation2=if(Moisturecont2< Tetafield,O, Kteta2);
report perc01.tss=timeoutput(OutFlowPoint,Percolation1);
report perc02.tss=timeoutput(OutFlowPoint, Percolation2);

#GROUNDWATER (Fig 4.2)
#Decrease in moisture content due to percolation
#uppersoillayer
Moisturecont1 =max(min(Tetamax, Moisturecont1 +(Deltamoist-Percolation 1)/H 1),Tetar);
report moist1.tss=timeoutput(OutFlowPoint,Moisturecont1);

#Percolating moisture contribution from top soil layer
#Resulting moisture of lower soil layer (slip plane)
Moisturecont2=max(min(Tetamax, Moisturecont2+(Percolation 1-Percolation2)/H2), Tetar);
report moist2. tss=timeoutput(OutFlowPoint, Moisturecont2);

 
 
 



#Water discharge of lower soil layer (Equation 4.6)
#Base flow (Figure 4.2)
Q=Ksat2*S*B*Waterheight;

##PORE WATER PRESSURE CHANGE
#Change in waterheight (pore pressure) of lower soil layer
#First, current water balance (Deltawaterheight)
#Second, inflow from upstream .pixels, also lower soil layer
#Third, new water height as a result of inflow and outflow
#Fourth, pore water pressure changes with water height changes

Inflowdeltawaterheight=upstream(Ldd, Deltawaterheight);

Totalwater=max( «Waterheight+lnflowdeltawaterheight-Deltawaterheight)
+( (Percolation2-Loss)/ (Tetamax+O.°1-Moisturecont2))), 0);
report water370. tss=timeoutput(OutFlowPoint, Totalwater);
report water260.tss=timeoutput(Out260, Totalwater);
report water140.tss=timeoutput(Out140, Totalwater);

Waterheight=min(Totalwater,H1 +H2);
report waterh. tss=timeoutput(OutFlowPoint, Waterheight);
report water=Waterheight;

#Water height exceeding soil depth is saturation excess overlandflow
#Overlandflow=accuthresholdflux(Ldd, Totalwater,H);

over370=max(if(Totalwater gt 370, Totalwater-370,0) ,0);
over260=max(if(Totalwater gt 260,Totalwater-260,0),0);
over140=max(if(Totalwater gt 140,Totalwater-140,0),0);

#Overlandflow=max(Totalwater-(H 1+H2),0);
report Land370. tss=timeoutput(OutFlowPoint,over370);
report Land260. tss=timeoutput(Out260,over260);
report Land140.tss=timeoutput(Out140,over140);

##SAFETY FACTOR CHANGE (Equation 4.3)

report Safety=min(1.5,if(H==0.1, 1.5,«Cohes+Cohesroots)+(H*Bulk*sqr(cos(atan(S)))-
Porepr) *TanPhi)/(H*Bulk* sin( atan (S)) *cos( atan( S)))));

#number of days with safety factor F<1.
report CumSafety=scalar(if(Safety Ie 1,CumSafety+1 ,CumSafety));

#Critical rainfall (Equation 4.7)
Crain 1=Ksat*sin(S)*(Contlength/Upslope )*(Bulk/Gamma Wat)* (1-(SIT anPhi));
Crain2=scalar(if(Crain1 gt 0, Crain+Crain1, Crain));
Crain3=scalar(if(Crain1 Ie -2,-2, Crain2));
#rainfall maximum of 20cm is reported.
report Crain=scalar(if(Crain3 ge 20,20,Crain3));

 
 
 



Appendix 12: Confusion matrix pixel counts

Pixel counts for various measures used to determine the angle of

internal friction.

Internal friction Pixel counts
angle a b c d N

1° 37 6049 0 25 6111
14° 35 2759 2 3315 6111
16° 35 2377 2 3697 6111
18° 35 2038 2 4036 6111
20° 34 1802 3 4272 6111
22° 33 1597 4 4477 6111
24° 33 1399 4 4675 6111
26° 32 1213 5 4861 6111
27° 31 1133 6 4941 6111
28° 31 1063 6 5011 6111
29° 31 986 6 5088 6111
30° 30 1793 7 4281 6111
32° 25 619 12 5455 6111
34° 22 434 15 5640 6111
36° 13 287 24 5787 6111
38° 5 97 32 5977 6111
40° 0 -12 37 6086 6111
42° 0 -28 37 6102 6111
44° 0 -33 37 6107 6111
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