The ABC of earthquakes


         Earthquakes occur every day around the world. Each day there are about 1000 very small (magnitude 1-2) earthquakes on Earth (that is about one every 87 seconds). Each year, on average, the Earth experiences 800 earthquakes capable of causing damage (magnitude 5-5.9), and 18 earthquakes of magnitude 7 or larger

         Most global earthquakes concentrate at the plate boundaries. However, there is no reliable method of accurately predicting the time, place, and magnitude of an earthquake. While earth scientists began recording earthquakes as early as about 1880, it was not until the 1940's that instruments were installed in buildings to measure their response to earthquakes.

        Most major earthquakes are heralded by the occurrence of foreshocks, which can be detected by dense local monitoring networks. Other instruments can measure changes in the levels of radon gas, electrical and magnetic properties, velocity changes of seismic waves, and changes in topography. However, long term monitoring and examination by these sensors is a requisite as some or all of these factors may change due to the opening of cracks prior to the earthquake

          Today, research is concerned with minimising the risk associated with earthquakes by assessing the combination of seismic hazard and the vulnerability of a given area. Many seismic countries, however, have research programs based on identifying possible precursors to major earthquakes. This includes the study of dilatancy, how rocks crack and expand under the increased stress associated with the earthquake

          According to a paper on earthquake, individual earthquakes cannot be predicted. However, the world's largest earthquakes do have a clear spatial pattern, and 'forecasts' of the locations and magnitudes of some future large earthquakes can be made. 
           

            For example, earthquakes around the Pacific Rim are normal and expected. The long fault zones that ring the Pacific are subdivided by geologic irregularities into smaller fault segments, which rupture individually. Also, the Atlantic Ocean is growing wider each year, thus shrinking the Pacific and pushing the ocean floor beneath beneath Pacific Rim continents.


          Geologically, Earthquake magnitude and timing are controlled by the size of a fault segment, the stiffness of the rocks, and the amount of accumulated stress. Nevertheless, forecasting techniques can only be used for well-understood faults, such as the San Andreas 

           It may never be possible to predict the exact time when a damaging earthquake will occur, because when enough strain has built up, a fault may become inherently unstable, and any small background earthquake may or may not continue rupturing and turn into a large earthquake. It may eventually be possible to accurately diagnose the strain state of faults, but the precise timing of large events may continue to elude us. Efforts will, instead, be channeled into hazard mitigation. 

 

Earthquakes don't lead to death. Falling buildings do

       Buildings are built to withstand the downward pull of gravity. For most Mumbaiites who felt tremors of the recent Gujarat earthquake, it seemed that the building was 'being pushed' in all directions, but most of all, sideways

        Newer buildings in Mumbai and across the country are supposed to be made of RCC (Reinforced Cement Concrete) which is expected to help them withstand
earthquakes of relatively moderate intensity. Here too, unscrupulous contractors have been known to have used a watered down version of RCC which, in
effect, makes it ineffective
        A safe building is one that can withstand that sideways push, and it is built on a firm foundation. Before they design structures that can withstand earthquakes, engineers and architects must keep in mind the stresses caused by shaking.

Jargon demystified


          As soon as there is an earthquake, everybody wants to know how much it has measured on the Richter scale. Yet, how many of us know what the Richter scale really means and whether it is a technically sound and viable yardstick of earthquakes? 


         Contrary to popular beliefs, Richter scale does not measure the magnitude of an earthquake's effects, but the seismic energy it releases. The scale has no upper limit, and the displacement caused by each unit is 10 times greater than preceding one. In plain English this also means that each successive notch releases energy which is 32 times more than the energy released at the level of the previous notch

        This leads to the corollary that a seemingly slight difference in the readings of a quake on the Richter scale can, in reality, have far greater proportions. This is exactly the case with the current earthquake in Gujarat. The initial Richter scale readings released in India were around 6.9, while China recorded its intensity as 7.9, and France as 7.6. Seismologists have now appear to have settled on the 7.9 figure. 


           Obviously, the bigger the quake, more than proportionate need the disaster management plan be. Post-quake rescue operations can be severely skewed by misleading technical information. Moreover, unambiguous  information helps curtail the time spent on physical assessment of damage, thus speeding up the restoration process

 How big is the difference between 6.9 and 7.9 on the Richter scale? 


Magnitude Change
Ground Motion Change

(Displacement) 
Energy Change



1.0
10.0 times
32 times

0.5
3.2 times
5.5 times

0.3
2.0 times
3.0 times

0.1
1.3 times
1.4 times

         The above table shows, for example, that a magnitude 7.9 earthquake produces 10 times more ground motion that a magnitude 6.9 earthquake, but it releases about 32 times more energy.

         The energy release best indicates the destructive power of an earthquake. What does this mean? A simple analogy will bring out the difference. Assume that you are hit by a cycle when crossing the road. Let's take that as 6.9 on the Richter scale. So what would it be like when 7.9 on the Richter scale? It's being hit by a 2-tonne truck.


           Another example: How much bigger is a magnitude 9.7 earthquake than a 6.8 earthquake? A magnitude 9.7 earthquake is 794 times BIGGER on a seismogram than a magnitude 6.8 earthquake. 

           The magnitude scale is logarithmic The magnitude scale is really comparing amplitudes of waves on a seismogram, not the strength (energy) of the quakes. So, a magnitude 9.7 is 794 times bigger than a 6.8 quake as measured on seismograms, but the 9.7 quake is about 23,000 times stronger than the 6.8.
            Since it is really the energy or strength that knocks down buildings, this is really the more important comparison. This means that it would take about 23,000 quakes of magnitude 6.8 to equal the energy released by one magnitude 9.7 event. 


          This explains why big quakes are so much more devastating than small ones.
The amplitude ("size") differences are big enough, but the energy ("strength") differences are huge. The amplitude numbers are neater and a little easier to explain, which is why those are used more often in publications. But it's the energy that does the damage. 
  

Earthquake Prediction 

             Because of their devastating potential, there is great interest in predicting the location and time of large earthquakes. Although a great deal is known about where earthquakes are likely, there is currently no reliable way to predict the days or months when an event will occur in any specific location.

           Worldwide, each year there are about 18 earthquakes of magnitude (M) 7.0 or larger. Actual annual numbers since 1968 range from lows of 6-7 events/year in 1986 and 1990 to highs of 20-23 events/year in 1970, 1971 and 1992. 

          Although we are not able to predict individual earthquakes, the world's largest earthquakes do have a clear spatial pattern, and "forecasts" of the locations and magnitudes of some future large earthquakes can be made. 

         Most large earthquakes occur on long fault zones such as the periphery of the Pacific Ocean. This is because the Atlantic Ocean is growing a few inches wider each year, and the Pacific is shrinking as ocean floor is pushed beneath Pacific Rim continents. Geologically, earthquakes around the Pacific Rim are normal and expected. The long fault zones that ring the Pacific are subdivided by geologic irregularities into smaller fault segments  which rupture individually. 

          Earthquake magnitude and timing are controlled by the size of a fault segment, the stiffness of the rocks, and the amount of accumulated stress. Where faults and plate motions are well known, the fault segments most likely to break can be identified. If a fault segment is known to have broken in a past large earthquake, recurrence time and probable magnitude can be estimated based on fault segment size, rupture history, and strain accumulation. 

             Using a set of assumptions about fault mechanics and the rate of stress accumulation, the USGS made a more precise Parkfield prediction - of a M 6.0 earthquake between 1988 and 1992. Though that prediction was not fulfilled, a M 6.0 earthquake is still expected at Parkfield. "Capturing" the Parkfield earthquake in a dense network of instrumentation will establish whether precursory effects exist, and give new insights on the mechanics of fault rupture. 

            The segment of the San Andreas fault that broke in the 1989 M 7.1 Loma Prieta or "World Series" earthquake had been identified by the USGS as one of the more likely segments of the San Andreas to rupture. Magnitude 5+ earthquakes 2 and 15 months before the damaging earthquake were treated as possible foreshocks, and the USGS issued 5-day Public Advisories through the California Office of Emergency Services. 

            Even in areas where foreshocks are fairly common, there is no way of distinguishing a foreshock from an independent earthquake. In the Pacific Northwest, there is no evidence of foreshock activity for most historic earthquakes. 

           One well-known successful earthquake prediction was for the Haicheng, China earthquake of 1975, when an evacuation warning was issued the day before a M 7.3 earthquake. In the preceding months changes in land elevation and in ground water levels, widespread reports of peculiar animal behavior, and many foreshocks had led to a lower-level warning. An increase in foreshock activity triggered the evacuation warning. 

           Unfortunately, most earthquakes do not have such obvious precursors. In spite of their success in 1975, there was no warning of the 1976 Tangshan earthquake, magnitude 7.6, which caused an estimated 250,000 fatalities. 

Earthquake prediction is a popular pastime for psychics and pseudo-scientists, and extravagant claims of past success are common. 

           Predictions claimed as "successes" may rely on a restatement of well-understood long-term geologic earthquake hazards, or be so broad and vague that they are fulfilled by typical background seismic activity. Neither tidal forces nor unusual animal behavior have been useful for predicting earthquakes. 

            If an unscientific prediction is made, scientists can not state that the predicted earthquake will not occur, because an event could possibly occur by chance on the predicted date, though there is no reason to think that the predicted date is more likely than any other day. Scientific earthquake predictions should state where, when, how big, and how probable the predicted event is, and why the prediction is made. 

          The National Earthquake Prediction Evaluation Council ( of USA) reviews such predictions, but no generally useful method of predicting earthquakes has yet been found.

          It may never be possible to predict the exact time when a damaging earthquake will occur, because when enough strain has built up, a fault may become inherently unstable, and any small background earthquake may or may not continue rupturing and turn into a large earthquake. While it may eventually be possible to accurately diagnose the strain state of faults, the precise timing of large events may continue to elude us. 

