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SY N O PSIS: D ifficu lties and w eaknesses o f  the  cu rren t approaches to landslide forecasting a re  h ighlighted  and lessons learned through 

case records a re  analysed. It is argued that forecasting , in addition to p redicting  tim e and place o f  a  landslide even t, m ust also  address 

to the  question  o f  runout and its dam aging effect on elem ents at risk. A case record o f  runout o f  rockfall is considered  and typical results 

a re  presented  for a  sliding m ode o f  runout. F ield  observations support the results o f  theoretical analysis.

N eed for enlarg ing  the defin ition  o f  runout to include backw ard propagation  o f  retrogressive landslides is b rough t out. F o r an elongate 

nature o f  earth slid e , im plica tions o f  d irec t hazard , backw ard propagation  and forw ard runout a re  d iscussed in the conceptual fram ew ork 

o f  an expanding ellipse. A ttention is draw n to som e cardinal p rincip les and key questions w hich govern  landslide hazard assessm ent 

and forecasting.

INTRODUCTION

Landslide events a re  significantly  influenced by d iverse  factors 

such as hydrogeology, geom orphology and rain fall. M ost 

factors operate  both w ithin and across the tim e space. N aturally  

the slopes w hich stood safe for centuries a re  unsafe today and 

those safe  today m ight not rem ain so even tom orrow  not to 

speak o f  centuries hence.

In a g rea t m ajority  o f  cases, landslides are  the direct 

consequences o f  hum an in tervention . N aturally , a  clear 

understanding o f  dynam ic interaction betw een hum an activities 

and the slope m echanics is essential fo r reliab le  forecasting.

W here natural forces are dom inant and influence o f  hum an 

activity  is relatively  insignificant, forecasting o f  landslide events 

may be possible. On the o ther hand, w here hum an intervention 

dom inates under uncertain prem ises, even the best o f  

forecasting m ethodologies w ill fail.

T here  is no crystal ball through w hich one can see the future 

and it is therefore im perative that the question o f  ’fixing the 

fu tu re ’ w ith a single forecast be w eighed against forecasting  o f  

several m ost probab le scenarios.

WHY FORECASTING IS USUALLY DIFFICULT ?

The d ifficulty  o f  forecasting arises not so much because w e lack 

essential back ground , im agination o r hold on factors contro lling  

slope instability  but significantly  because w e neither have reliable 

inform ation (Table 1) nor the tim e and m oney to obtain such 

inform ation due to w ide spread nature o f  hazardous areas. A s a  

com prom ise, several sim plifying assum ptions are  m ade in 

forecasting, and no forecast could be better than the 

assum ptions that are  usually m ade to deliver it. Yet ano ther 

reason w hich underm ines reliability  is the thoughtless exp lo i

tation o f narrow  forecasting techniques and ind iscrim inate use o f 

m athem atical form ulations and ’availab le’ com puter softw ares, 

unm indful o f  the need for integrating the natural w orld o f  facts 

w ith the social w orld o f  values. Then com es the tendency for
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fo recasters to be  safe p layers. T h is hum an w eakness is not 

d ifficu lt to understand because w ho w ould like to e rr  on unsafe 

side w hen it w ould certain ly  m ean an em barrassm ent to the 

forecaster?

It is no t a lw ays easy to understand m oves o f  na tu re  as also 

foresee a  chain o f  events in their right sequence, no t to speak 

o f  untangling o f  knotty relationships betw een them . B urden o f  

dem ystify ing  statistics related  to corpus o f  p rev ious forecasts 

m akes the m atter w orse.

E xtrapolation  o f  the past trends no doubt proves helpful. A clear 

sta tem ent on the p ractical purpose o f  a  forecast prov ides a 

sense o f  d irection . But how  could one  p red ic t the env ironm ental 

v io lence germ inating  and erupting  in hum an m inds and the 

dram atic  consequences o f  sheer speed, scale and scope o f  

change that follow s? O ne can perhaps take into ones stride the 

p itfa lls o f  theories developed under d ifferen t h istoric c ircum 

stances but how  can one be certain  o f  m aking the righ t choice 

from  the basket full o f  options? A nd if  that cannot be  done, are 

w e m orally  ju stified  in reading betw een the lines and in laying 

proh ib itions and in in troducing regulations, m erely based on o u r 

so called  judgm ent?

T able  1

E ssentia l Inform ation  : G eom orphological and geological m aps 

to a  scale o f  1:500; subslope characteristics, shear strength  & 

piezom etric  variations w ith respect to the m ost p robab le  m odes 

o f  failure; c lim atic variations.

D esirab le  In form ations : H istory  o f  slope & o f  fo rm er landslides 

including changing patterns o f  landuses; H ydro  geological 

variations; E vapo-transpiration  and rainfall data; C hanging 

drainage patterns; deforestation .

U seful In form ations : M acro-geom orphology, fossil landslides in 

the neighborhood; nature and m agnitude o fh u m an  in terventions. 

S lope conversion practices o f  the past & their im pact. 

In form ation  as L uxury  : Standard Penetration  T ests; P ressure- 

m eter tests; w ide spread unit w eight m easurem ents; drilling  

m uch deeper than depth to basal shear.



LANDSLIDE FORECASTS REVISITED

Several professionals have claimed success in forecasting 

landslides and other massmovements. It is a pity that most of 
the case records were published after the event. Despite claims 

of forecasters, it is hard to say if the same confidence level in 

the forecast existed prior to the event. Takabayama landslide of 

January 1970 in Japan was predicted by Saito, reported in his 
paper published in 1979. The forecast ofMt. St. Helens and the 

prediction of failure of Mt. Toe were published by Voight in 1988, 

well after the events took place. Of the other reported 

predictions, slope failures of 18th February 1969 in 

Chauquicamata mine in Chile, about five weeks in advance of its 

occurrence, is perhaps the only recorded case of advance 
action following a scientific prediction. The failure occurred on 18 

February remarkably close to the predicted date of 20 February 

’69. This forecast helped in modification of the mine trans

portation system and in saving of life and property. Mine 

production, because of the timely forecast, got suspended only 

for 65 hours, with minimal production losses.

The above case histories have been closely re-examined by 
Bhandari(1988) only to infer that such forecasts leave many 

question marks and draw heavily on past trends forgetting 

altogether that mere extrapolation of past trends does not make 

a reliable forecast. The other flaw is seen in the indiscriminate 

use of rather ill conceived mathematical models which often 

represent thinly veiled attempts to legitimise arguments. Besides, 

if the data is fragmentary and unreliable, even the best of 

mathematical models will not yield reliable predictions. Such 

attempts may therefore only surface as deceptive evidences of 

systematic analysis, trasmitting correct signals only by accident. 

When assumptions are not visible it would be inappropriate to 

blame people who forget that they even exist. And forgetting of 

assumptions while interpreting a forecast is the worst of mistakes 
we can make.

LESSO N S LEARNT FRO M  CASE RECORDS

(1) Models proposed by Saito (1979), Voight (1988) and others 

based on material characterisation in the tertiary stage of creep 

are of a very restrictive scope and therefore of a limited value.

(2) The definition of forecasting itself needs amendment. In a real 

sense it is not enough to predict when and where a landslide will 

occur. The forecast must include the reach, spread or runout of 

the slide and its damage potential. Without such a consideration, 

it would be impossible to save human lives and property.

(3) Proposed relationships between incidences of landslides and 

rainfall, Guidicini and Iwasa (1979), Brand (1984), Bhandari 

(1984) and others have series of limitations and forecasts based 

on them are usually valid for slopes with very well known 

landslide history, located in areas of heavy to very heavy rainfall.

While dealing with repetitive slides a forecaster usually has the 

tendency to raise an alarm when rainfall intensity level 

approaches that connected with the previous few landslide 

events. Such a prediction may be reliable for the area only if 

based on synthesis of a large volume of statistical data.

(4) Debrisflows and earthslides usually display large amounts of 
movement at very high movement rates, spread over weeks and 

months. At a recent earthslide at Watawala, reported in this 

paper, the movement rates reached 30 cm - 80 cm per day and 

yet the train services were operational for quite some time on a 

track right in the heart of the slide.

Such observations lead to a significant lesson that thresholds of 

movements, movement rates, piezometric pressures, ground 

subsidences and heaves etc. need to be fixed in relation with 

mode of failure and elements at risk.

A NEW CASE RECORD

There is not a single available case record of forecast of a first 

time landslide in the entire of Himalayan region todate. Based on 

studies of repetitive landslides and other mass movements in 

Sikkim, a reasonably good indicator based on the concept of 

"event co-efficient" was found, Bhandari (1988), but this too had 

an extremely limited applicability. However in each case 

analysed, the lessons leamt were significant - one such lesson 

concerns "runout" as an element of forecasting. Some typical 

situations involving rockfall are shown in Fig 1.

Fig 1: Runout ofRockfalls

Himalayan debrisflows and earthslides are known to travel long 

distances and destroy whatever comes on their way. The 

estimates of runout is therefore important. Creation of landslide 

dams in the Himalayas, Bhandari (1989); filling part of the 
Nainital Lake by a debrisflow nearly hundred years ago, 

Bhandari (1989), recurring closer of road at Kaliasaur due to 

accumulation of debris, Bhandari (1988) all underline the need 

for estimating runout.

F ig  2 : R o c k fa l l  a t D ic k o y a
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O ne o f  the typical exam ple o f  a rockfall threatening a  hum an 

settlem ent is taken from  rockfall a t D ickoya, F ig  2. F o r d ifferen t 

modes o f  rockfall analysed on the b ilinear slope ABC (F ig  2), the 

estim ates o f  runout w ere  m ade. T ypical results o f  a  sliding m ode 

are show n in F ig  3. G ood correlation  w as found betw een the 

distance to w hich a  rock  would travel and the field observations 

on actual rock m ovem ents.

C o e f f ic ie n t  o f  F r ic t io n  (S e c o n d  S lo p e )

F ig  3  : R u n o u t o f  S l id in g  R o c k s

A t^EW DIM ENSION TO  TH E PROBLEM  O F RUNOUT

The m eaning o f  the term  deserves to be  suitably en larged to 

include backw ard propagation  o f  a  landslide due to its 

re trogressive nature. T he slide a t W ataw ala w hich occurred  on 

3rd June  1992, fo llow ing heavy rain  serves as a good exam ple. 

D iscrete boundary  shears w ere  m apped w ith c lea r evidences o f  

tension cracks developing in the head region o f  the  earthslide, 

F ig  4 . Surface m ovem ent m arkers w ere  installed on the 

boundary  shears (F ig  4) and m easurem ent o f  m ovem ents w ere 

analysed in relation  to  rain fall records, F ig  5. T hese observations 

not only  conclusively established m obility  o f  the earthslide 

(runout) but also  the enlargem ent o f  earthslide retrogressively . 

T he im pact o f  this illustrated  through F ig  6 in w hich  the elongate 

geom etry o f  the  earthslide is conceptually  enveloped by an 

ellipse, designated as the ellipse o f  d irec t hazard . S ince the 

earthslide is active its m obility  w ill affect low er regions and its 

re trogressive natu re  w illa ffec t u p p e r 're g io n s . T hese  aspects 

o f  grow th are  h ighlighted through expanding ellipses, clearly  

delineating then o f  "retrogressive p rogression" from  the zone o f  

"forw ard  runout".

Six cardinal princip les influencing Landslide H azard A ssessm ent 

and forecasting:

(1) F irs t tim e landslides a re  relatively  m ore d ifficu lt to forecast 

than repetitive landslides, if  carefu lly  m onitored.

(2) T he past and present are  the keys to the fu tu re and w hen it 

com es to slope failures, nothing can replace subtle judgm en t 

and co llective w isdom .

(3) M ajor causative factors triggering  landsliding a re  identifiable .

(4) Intensity  o f  m apping w ork can be m odulated to the m apping 

scale adopted.

(5) L andslides can be classified and diagnosed.

(6) S ince landslide hazard is strongly dependent on degree, 

ex tent and rate o f  hum an intervention and it is the hardest thing 

to com prehend , ju d g e  and evaluate, the forecast canno t be  free 

from  the ensuing lim itations.

Six Basic Q uestions w hich aid landslide forecasting:

Q l .  Is the area  know n to be o f  active landslides o r  o f  old 

landslides o r o f  no landslides? Is the landslide activ ity  o f  a 

repetitive nature?

Q 2. D o  w e have statistically adequate and reliable inform ation on 

slope characteristics?

Q 3. D o the geom orphological features and landslide p rone 

deposits o f  the slide area com bine to favour m ass m ovem ents, 

under adverse (fo r exam ple high intensity  rainfall) conditions. 

Q 4. Is the rockfall also  feared in the area in addition to 

p robability  o f  occurrence o f  a  landslide?

Q 5. W hat are  the sizes, volum es and frequencies o f  landslides 

in the neighbourhood? H as any fossil landslide been m issed? 

Q 6. D oes the intensity  o f  m apping inputs bear any relationship 

w ith scale o f  m apping and the im portance o f  elem ents a t risk?
New t e n s ip i i  t r a c k s

F ig  4  : R e tro g re s s iv e  W a ta w a la  E a r th s lid e

W a ta w a la  L a n d s lid e

F ig  5 : S u r fa c e  M o v e m e n ts  v e rs u s  C u m u la t iv e  R a in fa ll
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fo r  an e lo n g a te  re tro g re s s iv e  e a r th s l id e  

HOW  SIGNIFICANT ARE TH E FIGURES AND 

N U M BERS?

Most forecasts are fouled by the figures of probability, eg. if 

there is a 20 per cent probability of rain tomorrow, and if rain will 

come, then there is a 50 per cent chance of a landslide 

occurring at such and such location in Hanguranketa. What 

good are such forecasts even to the professionals, not to speak 

of a common man.

There are yet another class of professionals who prefer 

conditional forecasting. They list out factors outside the control 

of a decision maker and their predictions float on several i f  sand 

but’s. It is not always easy to say whether conditional forecasts 

should deserve preference over definitive forecasts?

Then comes the vexing question of implications of a forecast in 

situations where stakes are high and consequences (risks) could 

be disastrous. As for example, consider a forecast with 15 per 

cent probability of a major earthquake in Assam. If such an 

earthquake were to occur, thousands would perish and tens of 

thousands would be rendered homeless. How should then the 

government handle such a forecast? If they neglect it and if the 

earthquake does occur as predicted, the inaction on the part of 

any government would be branded as its callous attitude 

towards people. If the government acts fast and spends public 

funds on preventives and nothing happens, it would be charged 

for unnecessary spending, when more important matters await 

in the queue. And will not the swift action on the part of the 

government stir the imagination of the people, compound their 

fears and even halt the pace of progress and development in 

the face of a gloomy forecast. Land prices in the area may come 

down, migration of people may begin and attention from real 

issues may get diverted.

Count down of a hazardous event and the human psyche:

Let us take the example of forecasting of landslides following an 

earthquake based on duration of precursory changes in 

velocities of P & S waves. An earthquake of magnitude 6 could 

perhaps be predicted a year in advance and that of magnitude

7, as many as 6 years in advance. If that be done, several 

difficulties might arise. The first warning is likely to be vague, or 

without knowledge of probability of occurrence.

The scenario developed by Eugene Haas and Dennis Mileti 
(reported by Aaraonson, 1977) refers to a prediction three years 

ahead of an earthquake of magnitude 7.3, involving an urban 

area of California. News of the prediction first leaks to news 

media through seismologists in the form of evidence that show 

a 25 per cent chance that such an earthquake will occur at the 

designated time. Within a year, property values fall, new 

constructions halt, and the cost of earthquake insurance in the 

region becomes prohibitive. When the prediction gets refined 

and an officially release appears in the form of a warning that 

there is a 50 per cent chance of an earthquake of magnitude 7 

or greater occurring in two years’ time, the picture drastically 

alters. Many families leave the area, business houses close and 
unemployment rises. Just before the expected quake, residents 

remaining in the area stockpile essential supplies. Areas down 

stream of dams get evacuated. Troops are moved in to prevent 

anticipated civil disturbance.

Naturally, a disruption of normal life over a period of years, 

produces high economic and social costs, for a situation in 

which there is an even chance that there will be no major 

earthquake. More urgent warnings, on shorter time-scales -even 

for rather smaller earthquakes - raise obvious problems if they 

may cause a panic reaction, mass exodus from a city or cities 

with resultant disruption of communications, and opportunity for 

the unscrupulous to take advantage of the chaotic situation 
either through straightforward looting or arson and provocation 

of mob violence. These factors and more ought to be looked at 

very closely, knowing well the sensitivity of the issue involved.

CONCLUDING REMARKS

A holistic approach to forecasting is essential if the aim of the 

forecast is to save lives and property. The consideration of 

runout and damage potential naturally deserves to be considered 

alongside prediction, of the time and place of occurrence.
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