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SCIENCE & TECHNOLOGY

2. Examine the role and advances of science and technology in flood and weather forecasting in India?
Illustrate some government programmes involved in this?

Introduction :
Science and technology (S&T) is widely recognised as an important tool for fostering and strengthening the economic
and social development of the country. India has made significant progress in various spheres of science and technology
over the years and strides in meteorology have helped in saving innocent lives and devastation caused by various
weather phenomenon.

� Forecasting is the process of estimation in unknown situations from the historical data. Weather forecasting is
one of the most scientifically and technologically challenging problems around the world in the last century.

� To make an accurate prediction is indeed, one of the major challenges that meteorologists are facing all over the
world. Weather forecasts are often made by collecting quantitative data about the current state of the atmosphere
and using scientific understanding of atmospheric processes to project how the atmosphere will evolve in future.

Role of Science and technology in flood and weather forecasting:
� Traditional forecasting methods

o Use of a barometer: Measurements of barometric pressure and the pressure tendency have been used in
forecasting since the late 19th century. The larger the change in pressure, the larger the change in
weather can be expected. If the pressure drop is rapid, a low pressure system is approaching, and there
is a greater chance of rain .

o Looking at the sky: Along with pressure tendency, the condition of the sky is one of the most important
parameters used to forecast weather in mountainous areas. Thickening of cloud cover or the invasion of
a higher cloud deck is an indication of rain in the near future. At night, high thin clouds can lead to halos
around the moon, which indicates the approach of a warm front and its associated rain.

o Nowcasting: The forecasting of the weather within the next six hours is often referred to as nowcasting.
In this time range, it is possible to forecast smaller features such as individual showers and thunderstorms
with reasonable accuracy, as well as other features too small to be resolved by a computer model.

o Analog technique: The analog technique is a complex way of making a forecast, requiring the forecaster
to remember a previous weather event which is expected to be mimicked by an upcoming event. It
remains a useful method of observing rainfall in places such as oceans, as well as the forecasting of
precipitation amounts and distribution in the future.

o Weather maps : Weather maps simply and graphically depict meteorological conditions in the atmosphere.
Weather maps may display only one feature of the atmosphere or multiple features. They can depict
information from computer models or from human observations. Weather maps are found in newspapers,
on television, and on the Internet.

� Evolved modern techniques for forecasting:
o Doppler radar : Radar stands for Radio Detection and Ranging. In radar, a transmitter sends out radio

waves. The radio waves bounce off the nearest object and then return to a receiver.
� Weather radar can sense many characteristics of precipitation, its location, motion, intensity,

and the likelihood of future precipitation.
�  Most weather radar is Doppler radar, which can also track how fast the precipitation falls.

Radar can outline the structure of a storm and in doing so estimates the possibility that it will
produce severe weather condition

o Weather satellites: Weather satellites have been increasingly important sources of weather data since
the first one was launched in 1952. Weather satellites are the best way to monitor large scale systems,
like storms.

� Satellites can also monitor the spread of ash from a volcanic eruption, smoke from fires, and
pollution. They are able to record long-term changes. Example: INSAT system

o Dynamical model: Dynamic models are generally models that contain or depend upon an element of
time, especially allowing for interactions between variables over time.

� These stimulate the state of the atmosphere and oceans at a particular time and then extrapolate
into the future using standard laws of physics.
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� These models are run on supercomputers and are relied on to give weather forecasts three
days, or even two weeks ahead.

o Flood Plain Zoning –It is also an important step to control floods which are based on information
regarding flood plains, particularly the identification of floodways in relation to land use.

o Geographic information system:Advanced techniques such as mapping based on satellite imagery and
Geographic Information Systems will help in development of flood early warning systems. This system
comprises of Software, Hardware, Data, and Personnel that make it possible to enter, manipulate, analyse
and present information that is tied to a location on the earth’s surface.

� GIS technology integrates common database operations such as query and statistical analysis
with the unique visualisation and geographic analysis benefits offered by maps.

o Flood Hazard Atlas:  It is the mapping and zonation of an area prone to frequent flooding, the mapping
is done on the basis of the data of the past few years. The National Remote Sensing Centre (NRSC) of
the Indian Space Research Organisation (ISRO), Hyderabad does flood hazard zonation.

o The real time flood forecasting is one of the most effective non- structural measures for flood
management. For formulating the flood forecast in the real time, the observed meteorological and flow
data are transmitted to the forecasting station through the different means of data communication which
include telephone, wireless and network of telemetry stations etc.

� IMPORTANCE OF WEATHER FORECASTING: Weather forecasting is used in many situations like severe
weather alerts and advisories, predicting the behaviour of the cloud for air transport, prediction of waterways in
a sea, agricultural development and avoiding forest fire.

o Severe weather alerts and advisories: A major part of modern weather forecasting is the severe weather
alerts and advisories which are the national weather service’s issue in anticipation of severe or hazardous
weather are expected. This is done to protect life and property.

� Some of the most commonly known of severe weather advisories are the severe thunderstorm
and tornado warning, as well as the severe thunderstorm and tornado watch. Other forms of
these advisories include winter weather, high wind, flood, tropical cyclone, and fog.

� Severe weather advisories and alerts are broadcast through the media, including radio, using
emergency systems as the Emergency Alert System which breaks into regular programming

o Predicting the behaviour of the cloud for Air transport: The aviation industry is especially sensitive to
the weather and accurate weather forecasting is essential. Fog or exceptionally low ceilings can prevent
many aircraft from landing and taking off. Turbulence and icing are also significant in-flight hazards.

o Prediction of waterways in a sea: Commercial and recreational use of waterways can be limited
significantly by wind direction, speed, wave periodicity, high tides and precipitation. These factors can
each influence the safety of marine transit.

o Agricultural development: Weather plays an important role in agricultural production. It has a profound
influence on the growth, development and yields of a crop, incidence of pests and diseases, water needs
and fertilizer requirements in terms of differences in nutrient mobilisation due to water stresses and
timeliness and effectiveness of prophylactic and cultural operations on crops.

o Weather aberrations may cause
� (i) physical damage to crops and
� (ii) soil erosion.

o Avoiding Forest fire: Weather forecasting of wind, precipitations and humidity is essential for preventing
and controlling wildfires.

o Military applications: Military weather forecasters present weather conditions to the war fighter
community. Military weather forecasters provide pre-flight and in-flight weather briefs to pilots and
provide real time resource protection services for military installations.

o Air Force : Weather provides weather forecasting for the Air Force and the Army. Air Force forecasters
cover air operations in both wartime and peacetime operations and provide Army support. Military and
civilian forecasters actively cooperate in analyzing and creating weather forecast products.
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� Government initiatives:
o India Meteorological Department (IMD) operates a dedicated weather and climate monitoring, detection

and warning services useful for various sectors of economy.
o Apart from tracking satellite data, IMD collaborates with ISRO for ground-based observations from the

Automatic Weather Stations (AWS), the Global Telecommunication System (GTS) that measure
temperature, sunshine, wind direction, speed and humidity.

o National Monsoon Mission was launched in 2012. Under the National Monsoon Mission initiative, the
Indian Institute of Tropical Meteorology (IITM), Pune, Indian National Centre for Ocean Information
Services (INCOIS), Hyderabad and National Centre for Medium Range Weather Forecasting
(NCMRWF), Noida have embarked upon to build state-of-the-art coupled ocean atmospheric models
for

o improved prediction of monsoon rainfall on extended range to seasonal time scale (11 days to one
season)

o improved prediction of temperature, rainfall and extreme weather events on short to medium range time
scale (up to 10 days) so that forecast skill gets quantitatively improved further for the operational
services of IMD.

o In 2021, IMD adopted a new strategy for issuing monthly and seasonal operational forecasts for the
southwest monsoon rainfall by modifying the existing two-stage forecasting strategy.

o The Gramin Krishi Mausam Seva (GKMS) of IMD has been successful in providing the crop specific
advisories to the farmers through different print/visual/Radio/ IT based media including short message
service (SMS) and Interactive Voice Response Service (IVRS) facilitating for appropriate field level
actions.GKMS service products of India Meteorological Department (IMD) for critical farm operations
Viz.
(i) Management of sowing (Delayed onset of rains);
(ii) Changing crop variety (Delay in rainfall);
(iii) Spraying Pesticides for disease control (occurrence of rainfall);
(iv) Managing Irrigation (Heavy rainfall Forecast).

o INSAT system: the Indian National Satellite system was commissioned with the launch of INSAT-1B in
1983 and ushered in a revolution in India’s television, radio and meteorological broadcasting. Of the 24
satellites so far launched, 11 are still in operation.

� Challenges:
o Multiple agencies release data with respect to different forecasting and there is lack of sync between

different departments. This further cause duplication of efforts.
o The weather forecasts at times go wrong due to the unpredictability of changes in ocean currents that

are responsible for affecting global weather systems.
o For India, the Bay of Bengal acts as the buffer that affects the weather across the country.
o Non uniformity of RAINFALL-RUNOFF MODELS across the country is another major problem.
o Lack of skilled workforce: To meet the desired objective, it needs a technically capable workforce that

is well versed with ensemble models and capable of coupling the same with forecast models.
o Technological parity: The forecasting agency has still to catch up with advanced technology , in order

to couple ensemble forecasts to its hydrological models.
o Infrastructure absence such lack of super computers for faster data operations is still a obstacle to

forecasting.
WAY FORWARD : Although it is difficult to predict accurately the rainfall patterns and weather phenomenon in tropical
countries, yet the IMD could do better than just get these blanket 4 month predictions and reducing the task to a
numerical jugglery. The IMD is increasingly relying on supercomputers and sophisticated models to warn of weather
changes at district level. Such local estimate practise should be strengthened and more accuracy vouched for.
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