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The Challenge: Rising 
Drought Risks in India

• Increasing frequency and severity of droughts

• Delayed, reactive responses lead to livelihood 
and crop losses

• Fragmented data systems and limited early 
warning capabilities



Historical 
drought events 
in India



Drought Management in India



• Top-down structure: Involves central to local levels, from the 

Government of India to Gram Panchayat.

• State-level implementation: Led by State Drought Relief 

Commissioner, working through district and local officials.

• Multi-agency coordination: Crop Weather Watch Groups bring 

together IMD, ICAR, CWC, and others for forecasting and technical 

input.

• Diverse data sources: Inputs include rainfall, reservoir levels, crop 

forecasts, and technical assessments.

• Information asymmetry: Different users (national, state, district, 

local) require tailored data and responses

• Need for improved coordination: Cross-sector and inter-agency 

cooperation is essential for timely drought action. 

Institutional Framework for Drought Management



Introduction
Our main objective of this presentation is to create a LLM focusing on Drought 
Mitigation. An example of a query sent to such a chatbot with it’s response can 
be seen below.

Query : What is the drought level in Punjab and what are it’s impacts?

An expected response on this query would detail:
•Weather forecast in Punjab & adjoining states (cloud cover etc.)

•Expected drought possibilities

•Analyse the agriculture contingency plan & meteorological data to provide insights 
(eg. NDVI, soil moisture)

•Possible measures related to drought & agriculture from drought contingency plan 

•Show interactive graphs along with text explaining possible impact in economy, 
people affected, rainfall levels etc.



Data Flow for AI enabled Drought 
Management Innovation

• Data used for RAG like contingency plans are stored in PostgreSQL meanwhile Redis 
caches commonly accessed data like rainfall for a certain week.



Workflow for Drought Mitigation ChatBot 

How the pipeline works: 

• The user’s query is first translated to English using AI4Bharat models.

• A DeepSeek V3 AI model determines if the query is simple or complex, using FastAPI (Python).

• The system fetches data from external sources like GEE, IMD, and other third-party datasets.

• PostgreSQL + pgvector (RAG) is used for storing backup data and enabling fast retrieval.



Training Done To Example

Instruction 

Tuning
Deepseek

Fine-tuning DeepSeek to follow structured commands related to Drought & build a 

knowledge base (e.g. "Analyze NDVI → Generate drought risk score").

Fine Tuning AI4Bharat
Adapting Indic NLP models to agricultural jargon (e.g., "drought-tolerant" → "सुखा-

सहिषु्ण") to improve translation accuracy.

RAG Deepseek
RAG allows us to improve the factual accuracy of our model by retrieving 

information from an external knowledge source (database or documents).

MODEL TRAININGModel Training 



What data do we need? 
Achieving our objective requires access to meteorological information, contingency 
planning resources, a robust analytical knowledge base, and relevant socioeconomic and 
agricultural datasets.

Meteorological Data:

Other than these factors like EVI, LST etc. from Google Earth Engine can be included.

DATA SOURCE USE EXAMPLE

Rainfall Anomaly CHIRPS (GEE) Rainfall Trends (Drought 
trigger)

Rainfall in Odisha is 30% below 
average (May 2024). Drought 
risk: HIGH.

NDVI MODIS (GEE) Crop stress levels (low 
NDVI = poor growth)

NDVI in Punjab shows 20% 
crop stress in wheat fields.

Reservoir Levels WRIS India Water storage status for 
irrigation

Bhakra Dam is at 40% capacity 
(critical for Punjab).

Groundwater GRACE (GEE) Long-term groundwater 
depletion trends

Groundwater in Haryana 
dropped 2m YoY.

Soil Moisture SMAP (GEE) Crucial for plant growth

Weather Forecasts IMD Weekly rainfall etc.



Contingency Plans:

Additional such plans can be incorporated to help the model 
analyse meteorological data for drought indicators.

Socioeconomic & Agricultural data:

DATA SOURCE USE EXAMPLE

Crop Advisories agriwelfare.gov.in Govt-recommended 
drought actions

For low rainfall in Odisha, 
switch to millets.

Drought Manual nidm.gov.in/pdf/manuals/d
rought_manual.pdf

Drought detection and 
actions related to it

Drought Mitigation Plans sdma.cg.gov.in/CMP2017.p
df

Ways to detect and 
mitigate drought

Delay of south-west monsoon 
can lead to drought in Kharif 
season.

DATA SOURCE USE

District census data Census 2011, NOSS Agriculture related 
statistics

Schemes PMKSY, MGNREGA etc. Irrigation, Drought relief 
works

Farmer income & yield https://desagri.gov.in/dash
board/

Crop yield, loss metrics, 
land use



Comparison of LLMs

Model DeepSeek-V2 Mistral / Mixtral LLaMA 2 / 3 Gemma (Google) GPT-4 / 3.5
Claude / 
Command-R+

Falcon LLM

Open Source Yes Yes Yes Yes No No Yes

Context Window 32k-148k 32k (Mixtral) 4k–64k (3) 8k
128k (GPT-4-
Turbo)

200k (Claude 3)
2k–4k (Falcon 
40B++)

Accuracy 
(Reasoning)

High Good High (v3) Moderate Excellent Excellent
Moderate

Indian Language 
Support

Basic (via English) Poor Moderate Weak Strong (via APIs) Moderate
Basic (via English)

RAG Integration Easy Easy Easy Easy via API via API Moderate

Multimodal Text only Text only Text only Text only GPT-4-Vision Claude 3 Vision

Text only

Deployment Ease 
(Cloud)

Moderate 
(HuggingFace, 
GCP)

Easy (vLLM, LM 
Studio)

Moderate (LLM 
Foundry)

Easy (Vertex AI)
Only via OpenAI 
API

Only via Anthropic 
API

Moderate 
(HuggingFace, 
AWS)

Cost (Inference) Free/Self-hosted Free/Self-hosted Free/Self-hosted Free (limited) Paid API ($$) Paid API ($$)
Free/Self-hosted

On-Prem/Offline 
Ready?

Yes Yes Yes Yes No No

Yes

Model Size 
Options

7B, 67B
7B (Mistral), 12.9B 
(Mixtral)

7B, 13B, 70B 2B, 7B API only API only
1.3B, 7.5B, 40B



Weather and Climate Monitor Drought Prediction

Drought MonitorDynamic Drought contingency plan

Drought Decision Support tool
Products: (Sub)seasonal, short-term forecast
Source: IMD, IRI, ECMWF, NOAA

Products: Drought phase wise indices to activate 
contingency plans
Source: NASA MODIS, GPM, SMAP

Products: Drought indices mandatory and impact 
indicators e.g. SPI, VCI, VHI, IDIS
Source: NASA MODIS, GPM, SMAP

Products: Drought prediction using VIC model
Source: NOAA GEFS, GPM, ERA-5, IMD

Products: Drought alert and active phase
Source: NASA MODIS, GPM, SMAP



Agriculture Contingency Plan

Plan shared by Ministry of Agriculture, GOI
Data source: SADMS/IWMI



Q: What are the Drought Conditions in Haryana in April?

Dry Spell

Crop Condition Water availability 



Chatbot Results (Sample) 
AGRICULTURAL OFFICER

General Public



Farmers

Chatbot Results (Sample) 



Scaling Drought 
Intelligence Together



Thank you

a.giriraj@cgiar.org

mailto:a.giriraj@cgiar.org
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