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IMPORTANCE OF CLIMATE VARIABILITY AND SEASONAL FORECASTING 

Climate variability refers to the short-term fluctuations in the Earth’s climate system, typically over 

months, years, or decades, while climate change refers to long-term trends. 

Seasonal forecasting predicts weather and climate conditions over a 3–6 month period, helping 

different sectors plan and prepare. 

Importance of Climate Variability 

Climate variability affects almost every aspect of human life and natural ecosystems. The key 

impacts are: 

(a) Agriculture & Food Security 

 Determines crop yield, sowing times, and irrigation requirements. 

 Helps reduce crop losses due to droughts, floods, or delayed monsoons. 

 Example: Indian monsoon variability influences rice, wheat, and sugarcane production. 

(b) Water Resource Management 

 Guides reservoir operations, groundwater usage, and hydropower generation. 

 Seasonal rainfall forecasts help optimize dam storage and prevent flooding. 

(c) Disaster Preparedness 

 Early prediction of droughts, floods, cyclones, and heatwaves reduces economic losses and 

human casualties. 

 Governments can pre-position relief supplies and improve emergency response systems. 

(d) Energy Sector Planning 

 Energy demand fluctuates with temperature and rainfall. 

 Seasonal forecasts help optimize hydropower, thermal power, and renewable energy 

generation. 

(e) Public Health 

 Climate variability influences the spread of vector-borne diseases (e.g., malaria, dengue). 

 Seasonal climate forecasts help plan vaccination campaigns and disease control measures. 

Importance of Seasonal Forecasting 

Seasonal climate forecasts predict conditions 1–6 months ahead using statistical models, dynamic 

models, and Global Climate Models (GCMs). 

Key benefits include: 

 (a) Agricultural Planning 

 Farmers decide what crops to plant, when to irrigate, and when to harvest. 

 Reduces crop failure risks due to unpredictable rainfall. 

(b) Drought & Flood Management 

 Provides early warning systems. 

 Governments and NGOs prepare for water scarcity or flooding in advance. 

UNIT IV - WEATHER PREDICTION MODELS 

Importance of climate variability and seasonal forecasting, Understanding and predicting world’s 

climate system, Global climatic models and their potential for seasonal climate forecasting, 

General systems approach to applying seasonal climate forecasts. 

 

Explain the importance of climate variability in predicting agricultural output. 
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(c) Economic Stability 

 Seasonal forecasts reduce financial losses in agriculture, fisheries, tourism, and power 

generation. 

(d) Policy & Decision-Making 

 Governments design climate-resilient policies. 

 Helps in resource allocation and risk management planning. 

Examples of Seasonal Forecasting 

Region Forecasting Model Application   

India IMD Monsoon Forecast Model Predicts southwest monsoon rainfall 

USA NOAA Climate Forecast System Winter storm and drought monitoring 

Australia Bureau of Meteorology Model   Drought & bushfire predictions       

Global ENSO-based Forecast Models Predicts El Niño / La Niña impacts   

 

 
 

UNDERSTANDING AND PREDICTING THE WORLD’S CLIMATE SYSTEM 

The Earth’s climate system is a highly complex network of interacting components, including the 

atmosphere, oceans, land surfaces, ice masses, and living organisms. These components continuously 

exchange energy, moisture, and gases, resulting in climate patterns. 

Understanding the climate system is crucial for: 

 Predicting short-term weather and seasonal patterns. 

 Assessing climate variability like El Niño and La Niña. 

 Forecasting long-term climate change. 

 Managing natural resources, agriculture, energy, and disaster preparedness. 

Components of the Climate System 

The climate system has five major components that interact dynamically: 

Component Key Features Role in Climate Regulation 

Atmosphere Thin gaseous envelope 

surrounding Earth     

Controls temperature, pressure, humidity, 

and weather systems 

Hydrosphere Oceans, seas, lakes, rivers Distributes heat through currents; stores 

~93% of excess heat from global warming 

Cryosphere Glaciers, ice caps, permafrost, 

snow cover 

Reflects solar radiation (high albedo), 

regulates sea levels 

Lithosphere Earth's solid surface, mountains, 

deserts 

Influences heat absorption, weathering, 

and CO₂ cycles 

Biosphere Plants, animals, humans, and 

ecosystems 

Modulates greenhouse gases, 

evapotranspiration, and carbon cycles 

Drivers of the Climate System 

The Earth’s climate is primarily driven by energy from the Sun, but several other factors affect it: 

 Solar Radiation → The primary source of heat. 

 Greenhouse Effect → Traps heat through gases like CO₂, CH₄, and N₂O. 

 Ocean Currents → Transport heat between equator and poles. 

 Atmospheric Circulation → Moves air masses and moisture globally. 

 Volcanic Activity → Releases aerosols affecting global temperatures. 

Evaluate the importance of understanding the global climate system for 

sustainable development.  
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 Human Activities → Fossil fuel burning, deforestation, and urbanization. 

Understanding the Climate System 

Scientists use several techniques and data sources to understand global climate: 

(a) Satellite Observations  

 Monitors temperature, humidity, rainfall, cloud cover, and sea levels. 

 Examples: NASA’s Terra & Aqua satellites, ISRO’s INSAT series. 

(b) Ground-Based Observations  

 Weather stations, radars, and buoys collect surface data on wind, rainfall, and pressure. 

(c) Paleoclimate Studies  

 Analysis of ice cores, sediments, and tree rings provides insights into historical climate 

patterns over thousands of years. 

(d) Data Assimilation  

 Combines observed data + computer models to improve forecasting accuracy. 

Predicting the World’s Climate System 

Climate prediction involves simulating the future state of the climate system using mathematical 

models and supercomputing. 

Types of Climate Predictions 

Prediction Type             Time Scale   Purpose 

Weather 

Forecasts 

Hours → 7 days   Predict short-term conditions like rain, storms, and 

temperature 

Seasonal 

Forecasts          

3 → 6 months     Predict monsoon, droughts, floods, and El Niño / La 

Niña 

Interannual 

Forecasts       

1 → 5 years      Predict ENSO cycles and prolonged droughts 

Decadal 

Forecasts 

5 → 30 years     Assess long-term trends in rainfall and temperature 

Climate Change 

Projections 

50 → 100+ years Study global warming, sea-level rise, and policy 

impacts 

Prediction Tools and Models 

(a) Global Climate Models (GCMs) 

 Simulate atmospheric, oceanic, cryospheric, and land processes. 

 Use grids dividing the Earth into 3D boxes. 

 Example: CMIP6 models used by the IPCC. 

(b) Numerical Weather Prediction (NWP) 

 Uses mathematical equations based on physics. 

 Requires supercomputers to process large datasets. 

(c) Coupled Ocean-Atmosphere Models 

 Combine ocean + atmosphere interactions for better ENSO and monsoon predictions. 

(d) AI & Machine Learning Models 

 Predict temperature anomalies, rainfall, and drought risks more accurately. 

 Examples: Google’s Climate AI, DeepMind’s GraphCast. 

Challenges in Predicting the Climate System 

 High Complexity → Millions of interdependent variables. 

 Data Gaps → Limited observations in remote areas. 

 Uncertainty in Human Activities → Future emissions are unpredictable. 
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 Natural Variability → Volcanic eruptions, solar cycles, and ENSO events. 

 Computational Limitations → Requires massive data processing power. 

Applications of Climate Predictions 

Sector   Application   

Agriculture Crop selection, irrigation planning, pest control 

Water Resources Reservoir management, drought preparedness         

Energy Hydropower, solar and wind forecasting 

Health Predicting disease outbreaks linked to climate     

Disaster Management Floods, heatwaves, cyclone preparedness 

Policy Making Designing climate-resilient development plans      

 

 
 

GLOBAL CLIMATIC MODELS AND THEIR POTENTIAL FOR SEASONAL CLIMATE 

FORECASTING 

Global Climatic Models (GCMs) are advanced computer-based simulations that represent the Earth’s 

atmosphere, oceans, land, and cryosphere. They are used to: 

 Understand the climate system. 

 Predict short-term (seasonal) and long-term (decadal to centennial) changes. 

 Forecast events like monsoons, droughts, floods, El Niño, and La Niña. 

What are Global Climatic Models (GCMs)? 

GCMs are numerical models based on the laws of physics, particularly: 

 Thermodynamics – Heat exchange. 

 Fluid dynamics – Wind and ocean currents. 

 Radiation balance – Energy entering and leaving Earth. 

They divide the Earth into a 3D grid: 

 Horizontal divisions → Latitude & longitude. 

 Vertical divisions → Atmosphere and ocean depths. 

 Equations are solved for temperature, humidity, pressure, winds, clouds, and ocean currents. 

Types of Global Climatic Models 

1. Atmospheric General Circulation Models (AGCMs)  

 Focus on atmospheric processes. 

 Include radiation, cloud formation, and precipitation. 

 Used for weather forecasts and short-term climate predictions. 

2. Oceanic General Circulation Models (OGCMs)  

 Simulate ocean currents, temperature, salinity, and heat transport. 

 Crucial for predicting ENSO events like El Niño and La Niña. 

3. Coupled Atmosphere-Ocean Models (AOGCMs)  

 Combine AGCMs + OGCMs. 

 Most widely used for seasonal forecasting. 

 Represent atmosphere-ocean feedbacks critical for monsoon prediction. 

4. Earth System Models (ESMs)  

 Include carbon cycle, vegetation, aerosols, and human activities. 

 Used for long-term climate change projections. 

Evaluate the global climatic models and their potential for seasonal climate forecasting.  
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Potential of GCMs for Seasonal Climate Forecasting 

Seasonal Climate Forecasting 

Seasonal forecasting predicts climate patterns 1 to 6 months ahead by analyzing: 

 Sea surface temperatures (SSTs) 

 Atmospheric circulation patterns 

 Ocean heat content 

 ENSO (El Niño-Southern Oscillation) events 

Role of GCMs in Seasonal Forecasting 

Application How GCMs Help Example   

Monsoon Prediction   Simulate Indian monsoon onset, intensity 

& duration 

IITM Pune – CFSv2 

model 

Drought Forecasting Identify rainfall deficits linked to ENSO               IMD, NOAA models 

Flood Prediction Model heavy rainfall & river basin 

responses 

ECMWF ensemble 

models 

ENSO Events Predict El Niño & La Niña conditions 

months in advance 

NCEP CFS model 

Popular Global Climate Models Used Worldwide 

Model Name   Developed By                                    Application   

CFSv2 NOAA (USA)                                          Seasonal climate forecasts, ENSO 

prediction 

ECMWF-SEAS5 European Centre for Medium-

Range Weather Forecasts 

Monsoon & extreme weather 

forecasting        

ACCESS-S     Australia   Seasonal rainfall & temperature 

forecasts    

MIROC Japan     Climate variability studies 

IITM-CFS     India   Indian monsoon prediction 

Advantages of GCMs in Seasonal Forecasting 

 High accuracy for rainfall and temperature trends. 

 Long lead times (up to 6 months). 

 Integration of ocean-atmosphere interactions. 

 Use of AI-enhanced models improves performance. 

 Helps in agriculture, water management, disaster preparedness. 

Limitations of GCMs 

 Cannot predict exact daily weather → Only gives probability-based forecasts. 

 Limited resolution for local-scale forecasts. 

 Sensitive to incomplete data. 

 Computationally expensive → Requires supercomputers. 

Future of Seasonal Forecasting with GCMs 

 Integration of Artificial Intelligence and Machine Learning. 

 High-resolution GCMs with better local accuracy. 

 Better satellite observation networks for real-time data assimilation. 

 Coupling with hydrological, agricultural, and disaster models. 
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GENERAL SYSTEMS APPROACH TO APPLYING SEASONAL CLIMATE FORECASTS 

Seasonal climate forecasts (SCFs) provide predictions of average climate conditions such as rainfall, 

temperature, drought risk, and monsoon behavior over a period ranging from 1 month to 1 year. 

However, raw forecasts from models are often complex and scientific, making them difficult for 

farmers, policymakers, and industries to apply directly. 

The General Systems Approach provides a framework where: 

 Climate forecasts are generated using scientific models 

 Transformed into actionable information 

 Delivered to decision-makers and end-users 

 Feedback from users improves future forecasts 

This approach integrates science, technology, stakeholders, and decision-support systems to ensure 

maximum usability of climate information. 

Objectives of the Systems Approach 

 To translate climate forecasts into sector-specific actionable insights 

 To integrate multiple data sources (satellites, GCMs, ENSO, paleoclimate records) 

 To support decision-making in critical sectors like agriculture, water, health, and energy 

 To minimize economic losses due to droughts, floods, or monsoon failures 

 To improve climate resilience at local, regional, and national scales 

Structure of the Systems Approach 

The General Systems Approach works like a closed-loop framework involving five stages: 

Stage 1: Input Layer (Data Collection & Observation) 

Data is collected from multiple sources: 

a) Observational Data 

 Ground-based stations → Rainfall, temperature, wind, humidity 

 Satellite data → Monsoon tracking, sea surface temperatures, cloud cover 

 Ocean buoys → ENSO and La Niña detection 

 Radar systems → Tracking cyclones, thunderstorms, and floods 

b) Climate Indices 

 ENSO (El Niño Southern Oscillation) → Affects Indian monsoon variability 

 IOD (Indian Ocean Dipole) → Alters rainfall in South Asia and East Africa 

 MJO (Madden-Julian Oscillation) → Influences intra-seasonal rainfall patterns 

c) Historical & Paleoclimate Records 

 Ice cores, tree rings, sediment analysis help reconstruct long-term climate trends. 

Stage 2: Processing Layer (Climate Forecast Modeling) 

The collected data is processed using advanced climate models: 

a) Global Climate Models (GCMs) 

 Simulate interactions among atmosphere, ocean, land, and cryosphere. 

 Examples: CFSv2 (NCEP), ACCESS-S (Australia), ECMWF SEAS5 (Europe). 

b) Regional Climate Models (RCMs) 

 Downscale global forecasts to local levels for better accuracy. 

 Example: WRF (Weather Research and Forecasting Model). 

Explain in detail about systems approach to apply seasonal climate forecasting.  
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c) Statistical & AI-Based Models 

 Use historical data + machine learning for predicting local anomalies. 

 Example: IMD’s Monsoon Mission DSS integrates AI-driven prediction. 

Stage 3: Output Layer (Seasonal Forecasts) 

The processing layer produces forecasts at different scales: 

Forecast Type   Time Scale Examples   

Short-range     1–7 days        Heavy rainfall, cyclone warnings 

Medium-range    8–14 days       Monsoon depressions               

Extended-range 15–45 days      Onset/withdrawal of monsoon       

Seasonal 1–6 months      Rainfall, temperature anomalies   

Stage 4: Application Layer (Decision Support Systems - DSS) 

This stage converts raw forecasts into sector-specific insights: 

a) Agriculture 

 Crop planning & sowing dates based on rainfall forecasts 

 Pest & disease management 

 Irrigation scheduling 

b) Water Resources 

 

 Reservoir storage optimization 

 Groundwater recharge planning 

 Drought management strategies 

c) Disaster Risk Management 

 Early warning for droughts, floods, cyclones, and heatwaves 

 Evacuation and relief planning 

d) Energy Sector 

 Hydropower production forecasts 

 Power demand projections based on seasonal temperatures 

e) Health Sector 

 Prediction of climate-sensitive diseases (e.g., malaria, dengue) 

 Heatwave-related health advisories 

Stage 5: Feedback Layer (System Improvement) 

 Real-time verification of forecasts using ground-truth data. 

 User feedback collected from farmers, policymakers, and industries. 

 Models are updated for better accuracy in the next cycle. 

 

Integration with Decision Support Systems 

The General Systems Approach relies on Decision Support Systems (DSS) that: 

 Integrate climate models + socio-economic data 

 Present forecasts through web dashboards, mobile apps, and GIS maps 

 Provide customized advisories for different sectors 

Examples: 

 IMD's Meghdoot App → Agro-advisories for Indian farmers 

 FAO’s GeoNetwork → Global agricultural DSS 

 NOAA’s Climate Prediction Center (USA) → Seasonal risk forecasts 
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Advantages of the Systems Approach 

 Bridges science and society → Converts forecasts into actionable information 

 Cross-sectoral utility → Agriculture, water, energy, health, and disaster planning 

 Reduces economic losses → Early warnings save lives and infrastructure 

 Supports sustainable development → Better planning of natural resources 

 Improves adaptive capacity against climate variability 

Challenges 

 Accuracy gaps at local and district levels 

 Data scarcity in remote and rural areas 

 Low awareness among end-users 

 Technology gaps in developing countries 

 Model uncertainties due to chaotic climate behavior 

Real-World Examples 

 India → 

o IMD uses CFSv2-based monsoon forecasts integrated with DSS. 

o IITM Pune collaborates with farmers for climate-smart advisories. 

 Australia → 

o ACCESS-S model for predicting droughts and bushfires. 

 USA → 

o NOAA’s Climate Prediction Center for hurricane and ENSO forecasts. 

Summary Table 

Step Process Tools / Models Used Outputs    

Input Collecting observations & 

satellite data 

Satellites, buoys, IMD data Raw datasets   

Processing Running climate models                    GCMs, RCMs, AI models        Simulated scenarios 

Output Producing forecasts                       Monsoon & ENSO models        Seasonal anomalies 

Application DSS integration                           GIS dashboards, apps         Sectoral advisories 

Feedback User response & 

verification              

Surveys, IoT devices         Improved models      

 

Identify the impacts of Climate Variability on Agriculture and Other Sectors. (Nov / Dec 2024) 

Climate variability refers to short-term fluctuations in climate conditions such as temperature, 

rainfall, humidity, and wind patterns. These variations directly and indirectly affect agriculture and 

several other sectors. 

Impacts on Agriculture 

1. Crop Yield and Productivity 

 Irregular rainfall, drought, and floods reduce crop production. 

 Temperature rise accelerates crop maturity, leading to lower grain filling and reduced yields. 

 Example: Wheat and rice yields decline during unexpected heatwaves. 

2. Changes in Crop Growing Seasons 

 Alteration in sowing and harvesting periods due to unpredictable monsoons. 

 Shifts in suitable cropping zones, especially for temperature-sensitive crops like tea, coffee, 

and sugarcane. 

3. Water Availability 

 Droughts cause water scarcity for irrigation. 
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 Increased evapotranspiration reduces soil moisture. 

 Heavy rainfall events cause waterlogging, damaging roots and reducing productivity. 

4. Pest, Weed, and Disease Outbreaks 

 Warmer and humid conditions favor pest proliferation. 

 Increased weed infestation affects crop competition. 

 Spread of diseases like rice blast and wheat rust increases with climate variability. 

5. Soil Degradation 

 Intense rainfall leads to soil erosion. 

 Drought reduces soil fertility and causes salinity issues in irrigated regions. 

Impacts on Other Sectors 

1. Water Resources 

 Changes in rainfall patterns affect river flow, groundwater recharge, and reservoir storage. 

 Increased drought frequency causes conflicts over water usage. 

2. Energy Sector 

 Hydropower generation decreases due to reduced river discharge. 

 High temperatures increase electricity demand for cooling. 

 Extreme weather disrupts power transmission infrastructure. 

3. Human Health 

 Heatwaves cause heat strokes and dehydration. 

 Spread of vector-borne diseases like malaria and dengue due to temperature and humidity 

changes. 

 Food insecurity from poor crop production leads to malnutrition. 

4. Infrastructure and Economy 

 Floods damage roads, railways, and bridges. 

 Rising insurance costs due to frequent natural disasters. 

 Economic losses in agriculture, fisheries, and tourism. 

 

Illustrate the Solar and Global Energy Balance with neat sketch. (Nov / Dec 2024) 

The global energy balance explains how the incoming solar energy from the sun and the outgoing 

terrestrial energy from the Earth are balanced to maintain a stable climate. 

Components of the Global Energy Balance 

1. Incoming Solar Radiation (Insolation) 

 The sun emits shortwave radiation. 

 Approximately 340 W/m² of solar energy reaches the top of the atmosphere. 

2. Reflection (Albedo Effect) 

 Around 30% of solar energy is reflected back into space by: 

o Clouds (20%) 

o Atmospheric particles (6%) 

o Earth's surface (4%) 

3. Absorption 

 About 70% of solar energy is absorbed: 

o Earth's surface absorbs 51% 

o Atmosphere and clouds absorb 19% 

4. Outgoing Longwave Radiation 

 The Earth re-emits energy as infrared (longwave) radiation. 
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 Without atmospheric gases, this heat would escape, making Earth much cooler. 

5. Greenhouse Effect 

 Greenhouse gases like CO₂, CH₄, N₂O, and water vapor trap part of this outgoing heat. 

 This natural process keeps Earth's average temperature around 15°C. 

 However, excess greenhouse gases cause global warming. 

B. Diagram of Global Energy Balance 

 
 

 

Part A 

1. Define climate variability and give an example. 

Climate variability refers to short- to medium-term changes in climate patterns due to natural or 

human causes. Example: Variation in monsoon rainfall. 

2. What is seasonal forecasting and why is it important? 

Seasonal forecasting predicts climate patterns over 3–6 months. It is important for agriculture, 

water management, and disaster preparedness. 

3. List any two applications of seasonal climate forecasts in agriculture. 

(i) Crop selection and sowing date planning, (ii) Irrigation scheduling. 

4. What is the difference between climate prediction and weather forecasting? 

Climate prediction deals with long-term averages (months to years), whereas weather forecasting 

predicts short-term daily or weekly conditions. 

5. Name two global climatic models used for seasonal forecasting. 

(i) NCAR Community Earth System Model (CESM), (ii) ECMWF Integrated Forecast System 

(IFS). 

6. Define El Niño and La Niña in terms of climate variability. 

El Niño is abnormal warming of the central/eastern Pacific Ocean; La Niña is abnormal cooling, 

both affecting rainfall and temperature globally. 

7. State two advantages of seasonal climate forecasting. 

(i) Better resource management, (ii) Improved disaster preparedness. 

8. Give two examples of extreme climate variability in India. 

(i) 2015 Chennai floods, (ii) 2016 drought in Maharashtra. 
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9. How does seasonal forecasting help in disaster management? 

It helps predict floods, droughts, and cyclones early, allowing preventive measures. 

10. What is the role of climate variability in crop production? 

It influences crop yield, sowing schedules, and irrigation needs. 

11. What is meant by the Earth’s climate system? 

It is the interaction of the atmosphere, oceans, land, ice, and biosphere that determines global 

climate. 

12. Name two main components of the climate system. 

(i) Atmosphere, (ii) Oceans. 

13. State any two challenges in predicting the world’s climate system. 

(i) Complex interactions among atmosphere, ocean, and land, (ii) Inaccurate initial data inputs. 

14. What role does ENSO play in monsoon prediction? 

ENSO (El Niño-Southern Oscillation) influences Indian monsoon rainfall patterns significantly. 

15. Mention any two sources of climate data. 

(i) Satellite observations, (ii) Weather stations. 

16. What is the role of oceans in global climate regulation? 

Oceans store and transport heat, regulating temperature and driving weather patterns. 

17. Name two important satellites used in climate monitoring. 

(i) INSAT-3D, (ii) NOAA GOES. 

18. Define climate forcing. 

External factors (like greenhouse gases or solar radiation) that influence the Earth’s climate. 

19. What is the significance of paleoclimate data? 

It helps understand historical climate variations to improve future predictions. 

20. State one role of aerosols in climate regulation. 

Aerosols reflect sunlight, reducing Earth’s surface temperature. 

21. Define Global Climate Models (GCMs). 

GCMs are mathematical models that simulate interactions among the atmosphere, oceans, and 

land to predict climate patterns. 

22. What is dynamical seasonal forecasting? 

A method that uses physical models to simulate atmospheric and oceanic processes for seasonal 

forecasts. 

23. Give any two examples of global climate centres. 

(i) ECMWF (Europe), (ii) NOAA CPC (USA). 

24. State two benefits of global climate models. 

(i) Better prediction of rainfall and temperature, (ii) Helps in agricultural planning. 

25. What is the role of boundary conditions in GCMs? 

They define initial atmospheric, oceanic, and land-surface states, influencing forecast accuracy. 

26. Name any two types of climate models. 

(i) Statistical models, (ii) Dynamical models. 

27. What is model downscaling? 

Refining global model outputs to provide region-specific climate forecasts. 

28. What is a multi-model ensemble in forecasting? 

Combining multiple GCMs to improve accuracy and reduce uncertainties. 

29. Name two challenges in using GCMs. 

(i) High computational cost, (ii) Limited resolution for regional forecasts. 

30. Mention one recent advancement in climate modelling. 

Use of AI and machine learning for improved seasonal forecasts. 
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31. What is meant by a General Systems Approach in climate forecasting? 

A holistic approach that integrates climate data, models, and socio-economic factors for better 

decision-making. 

32. Give one example of applying a systems approach in agriculture. 

Using seasonal rainfall forecasts to decide sowing schedules and crop varieties. 

33. Name two sectors that benefit from seasonal climate forecasts. 

(i) Agriculture, (ii) Water resource management. 

34. State any two tools used in climate-based decision-making systems. 

(i) Geographic Information Systems (GIS), (ii) Remote sensing models. 

35. What is the role of seasonal forecasts in disaster preparedness? 

They provide early warnings for floods, droughts, and cyclones. 

36. Give an example of integrating GCM data into regional planning. 

Using GCM rainfall outputs to manage irrigation systems. 

37. What is adaptive planning in climate forecasting? 

Planning strategies that adjust according to predicted climate changes. 

38. State two limitations of seasonal forecasting in India. 

(i) Regional rainfall variations, (ii) Limited accuracy in extreme events. 

39. What is the main purpose of a systems approach in decision-making? 

To combine forecasts with socio-economic data for optimized planning. 

40. Name one recent technology used in seasonal forecast applications. 

Artificial Intelligence-based decision support systems. 

41. List some of the crop simulation models. (Nov / Dec 2022) 

 DSSAT – Decision Support System for Agrotechnology Transfer 

 APSIM – Agricultural Production Systems Simulator 

 WOFOST – World Food Studies Model 

 CERES – Crop Environment Resource Synthesis 

 AquaCrop – Developed by FAO for water productivity simulation 

 EPIC – Environmental Policy Integrated Climate Model 

42. Define Data-Driven Insight. (Nov / Dec 2022) 

 Data-Driven Insight refers to conclusions, patterns, or knowledge derived from analyzing 

large datasets using statistical, computational, and AI-based techniques. 

 It helps in understanding trends, predicting outcomes, and supporting decision-making. 

 Example: Using historical crop yield data to predict future production under changing climate 

conditions. 

 

 


