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Risk Reduction: Providesadvancenotice

to minimize loss of life, livestock, crops,

andproperty.

Preparedness: Gives communities and

institutions time to plan, evacuate, or

safeguardresources.

Rapid Response: Ensuresthat emergency

systems(health,rescue,veterinary,disaster

management)areactivatedin time.

Resilience Building : Strengthens the

capacity of society to withstand and

recoverfrom hazards.

Cost-effectiveness: Preventive action

basedon early warning is far less costly

thanpost-disasterrecovery.

Early Warning is a systematic processof hazard monitoring, prediction, and risk forecasting, combinedwith the

timely disseminationof reliable information to vulnerablepopulationsand institutions, with the objective of enabling

anticipatory actionsthat reducedisasterrisk, protect lives, livelihoods,and ecosystems.
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Livestock Disease Risk Forewarning Through AI & ML Based Disease Modelling

NADRES V2- National Animal Disease Referral Expert System

Preamble: NADRES v2 is an early warningsystempoweredby Artificial Intelligenceand machinelearningwith set of capacitiesneededto

generateand disseminatetimely and meaningfulwarning information that enablesat-risk livestock population,and guide the farmersand

organizationsto prepareandactappropriatelyandin sufficienttime to reducethelivestockdiseaseincidence.

https://nivedi.res.in/Nadres_v2/index.php

Sl. No List of Diseases 

1 African Swine Fever

2 Anthrax

3 Babesiosis

4 Black Quarter

5 Bluetongue

6 Classical swine fever

7 Enterotoxaemia

8 Fasciolosis

9 Foot and mouth disease

10 Haemorrhagic septicaemia

11 Lumpy Skin Disease

12 Peste des petits ruminants

13 Sheep and Goat pox

14 Theileriosis

15 Trypanosomosis

In the pipeline

Avian Influenza, Anaplasmosis, 

Mycoplasmosis

https://nivedi.res.in/Nadres_v2/index.php


Real time/Near Real time Disease Data Capture and Storage Workflow: NADRES V2 Database Flow Diagram

Epidemiological data were compiled at the state, district and village levels from multiple sources, and a subsample of cases wasconfirmed in the laboratory; the dataset includes information on 

susceptible populations, attack rates and outbreak-associated mortality



Livestock data (Numbers)

Cattle 19,63,79,000

Buffalo 11,04,24,984

Sheep 15,01,13,442

Goat 7,32,94,702

Pig 92,94,830

Villages-664369

Blocks-5564

Source: 20Th Livestock census, 

DAHD, GoI

Real Time Climatic Factors used for Forecasting, Forewarning and Developing Risk maps

Remote sensing  Units

LST °C

NDVI & EVI -1 to 1

PET mm

LAI m2/m2

LST

Resolution: 1km

NDVI &EVI, 

PET, LAI

Resolution:500

m.

Source: 

https://ladsweb.modaps.eosdis.nasa.g

ov/

https://search.earthdata.nasa.gov/

Meteorological Units

Air Temperature k

Potential Evaporation 

Rate
w/m2

Rainfall kg/m2/s

Soil Moisture kg/m2

Specific Humidity kg/kg

Surface Pressure Pa

Wind Speed m/s

Source: 

https://disc.gsfc.nasa.gov/datasets/GLD

AS_NOAH025_M_2.1/summary?key

words=GLDAS

Resolution: 0.25 * 0.25 degree

Meteorological Units

Cloud Cover %

Relative Humidity %

Temperature °C

Temperature Max °C

Temperature Min °C

Vapour Pressure hPa

Wet dry Frequency days

Source: 

https://crudata.uea.ac.uk/cru/data/hrg/cru

_ts_4.05/cruts.2103051243.v4.05/

Resolution: 0.5 degree

ladsweb.moda

ps.eosdis.nasa.

gov
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for risk  Prediction

Delta Weather Parameters: Represents the difference between two corresponding values, typically between two time periods, to capture changes or trends.

Static Set: Long-term deltas (2001ï2021) showing climatic trends affecting disease patterns.

Dynamic Set: Recent deltas (2018ï2023 averages) capturing ongoing weather changes for short-term forecasting.

Ecological parameters

Incorporated

Soil PH

Elevation (Min, 

Max, Mean)

Under process

Carbon Emission

Water bodies

Limited 

climatic data 

were 

obtained 

from IMD 

and NICRA

Village populations were aggregated to districts and transformed to population density

Climatic Events



Institutional Collaborations for Climatic Variables and Forecasting

ü Indian Meteorological Department (IMD) : Recentlyestablishedcollaborationto enable

real-time weather data capture (rainfall, temperature,humidity, wind) from IMDôs

Automatic WeatherStations(AWS). Thesedatasetsare systematicallyingested,quality-

controlled, and harmonized for seamlessintegration into NADRES V2 forecasting

pipelines.

V Risk Communication andAdvisory Dissemination

V Extension of NADRES V2 advisories through IMDôs farmer outreach platforms

including:

V Agromet Advisory Services(AAS)

V MeghdootMobile App

V MausamApp

V Strengtheningmulti-channeldisseminationby integratingwith FRUITS and DLT SMS

alerts, NADRES portal, and socialmedia platforms, therebyensuringtimely, accessible,

andactionableearlywarningfor farmersandstakeholders.

ü Indian SpaceResearchOrganisation (ISRO): Partnershipto leveragesatellite-based

climatic variables (e.g., land surface temperature,soil moisture, vegetation indices,

evapotranspiration)for enhancingthe spatio-temporalprecisionof diseaserisk prediction

models.

ü NICRA (National Innovations on Climate Resilient Agriculture) : Collaboration to

utilize selectedclimatic variables and long-term climate projections for strengthening

adaptivecapacityandenhancingtheaccuracyof livestockdiseaserisk forecasting.

MoU Signed between ICAR-NIVEDI and IMD on 16 -09-2025

Thesecollaborations strengthenNADRES by improving the accuracy of livestock diseaseforecastingand

expandingrisk communication through IMDôsoutreach platforms for timely, localizedadvisories.



Data Alignment and Data Annotation

Static Dataset

(Average of 2011 to 

2022)

Dynamic Dataset

(Average of 2023, 2024, 

predicted 2025)

Data Layering

(First Static & then 

Dynamic)

Input climate data

Yearly score
Disease data from 2016 to 2025 were 

assigned descending weights, with 

recent years scoring higher (e.g., 2025 

= 10, 2024 = 9, é 2016 = 1).

Monthly score
Aggregates 10 years of monthly 

outbreak data for 15 diseases and 

scales it from 1ï10 to standardize 

across diseases and months, 

improving comparability and aiding 

timely outbreak prediction.

Dimensionality Reduction through 

Feature  extraction technique Principal 

Component Analysis (PCA). It combines 

features to capture more of variance

19 meteorological, 5 remote Sensing, 4 climatic events, 24 Delta parameters, 4 Ecological variables 15 Livestock Diseases (2016 to 2025)

Incorporating previous months data

Dimensionality 

Reduction

LaggedVariables



19 Meteorological variables

Integrated Dataset for Disease Outbreak Modeling

Population Data

5 Remote Sensing variables 24 Delta Parameters Weightage4 Climatic Events 52 Lag variables

Dependent 

variable (Y): 

Outbreaks

4 Ecological Parameters

Formula
Out ~  Population + Meteorological + Remote Sensing + Delta Parameters + Climatic events 

+Ecological Parameters + Lag variables+ Yearly score + Monthly Score

Binary Classification
If outbreaks >1, then it is 1 

or else 0



Machine Learning Models: Selection and Evaluation Criteria

Model Selection Criteria

Å Akaike information criterion 

(AIC) 

Å Bayesian information criterion 

(BIC)

Å Bridge criterion (BCCross-

validation

Å Deviance information criterion 

(DIC), 

Å Likelihood-ratio test

Å Mallows's Cp

Å Minimum description length

Å Minimum message length (MML)

Å PRESS statistics

Å Stepwise regression

Model Performance Criteria
1. KAPPA    

2. ROC

3. TSS

4. Accuracy

5. Error Rate

6. Precession

7. Sensitivity

8. Specificity

9. F1 Score

10. Log loss

11. Gini Coefficient

12. RMSE

13. MAE

Vet-Alerts: Livestock Disease Forewarning Bulletin 

(Web-based Platform)

Using Ensembling 

Techniques
Ensemble models combine 

multiple machine learning 

models to improve prediction 

accuracy, reduce overfitting, 

and provide more reliable 

forecasts.

Types: Bagging, Boosting, 

Stacking.

Methods: Voting, Averaging, 

Weighted Averaging.

Goodness of Fit:How well the model explains the 

data.

Model Complexity: Number of parameters; simpler 

models preferred.

Overfitting: Model fits training data too closely Ÿ 

poor performance on new data.

Key 

Concepts



Interactive Visualization of AI -Based Disease Predictions: State, Disease and Month-Specific Insights in NADRES V2

Click
1 2

3

45



Click

Interactive Visualization of AI -Based Disease Predictions: Andra Pradesh Insights in NADRES V2

1 2

3

45



African Swine 

Fever

Anthrax Babesiosis

Black quarter

Bluetongue EnterotoxemiaClassical Swine 

Fever
Fascioliasis

Foot and mouth 

disease

Haemorrhagic 

septicaemia
Lumpy Skin disease Peste des petits 

ruminants

Sheep and 

Goat pox
Theileriosis Trypanosomiasis

September 2025 Livestock Disease Risk Maps: Visualizing High and Very High-Risk districts

Avian 

Influenza



Monthly Forecasting of 15 Livestock Diseases (Based on AI and ML models) Dissemination to all Stakeholders

Hard Copy (Vet-

alert, Livestock Diseases 

Risk Forewarning 

Bulletin) 

Dissemination 

by Post

DAHD and  

ICAR  officials

Soft copy (Vet-alert, 

Livestock Diseases Risk 

Forewarning Bulletin)  

Via emails 

State Veterinary 

Officials(52), 

KVKS (731), 

NADEN centers 

(55 Including PI &Co -PI)

LDF & NER 

LDF Mobile 

application

Real time access 

by field users 

(100+ Users)

VVeterinary nodal 

officers use the system 

to create data-driven 

sampling plans for 

targeted surveillance.

NADRES Website

https://nivedi.res.in/Nad

res_v2/index.php

Fruits SMS 

alerts to 

registered 

farmers

DLT SMS 

to 

Veterinary 

Doctors

Social 

Media 

Platforms
YouTube: 

https://www.youtube.co

m/@icar-nivedi

Facebook

https://www.facebook.co

m/icarnivediofficial /

Instagram

https://www.instagram.c

om/p/DF5DkqqymcW/?i

gsh=N2NvZXR5cHp3cX

dj

LinkedIn

https://www.linkedin.co

m/feed/update/urn:li:sh

are:72946673718294364

17/

X (Twitter)

https://x.com/dilnivedi/s

tatus/1888899265411645

536

GitHub: 

https://github.com/SEL-

NIVEDI/

Informed Farming Community & Veterinary Authorities

Á Early Response

Á Risk Mitigation

Á Animal Health Protection

Total Visitors: 27 

Lakh Individuals (as 

of latest update)

End to End Risk Communications

V 33.69 lakh SMS alerts 

were sent to farmers in 

September 2025.

V 35.80 million SMS alerts 

disseminated via 

FRUITS (April 2024 -

August 2025).

V 16,721 SMSalerts 

sent to 

veterinarians in 

September 2025.

V 2.13 lakh SMS 

alerts sent to vets 

from September 

2024 to August 

2025.

Goals
V Empowerment: Facilitate protective and preventive actions.

V Trust and Credibility: Strengthen confidence in expert guidance.

V Behavioural Change:Encourage adoption of risk-mitigating 

behaviours.

V Community Engagement:Involve communities as active partners in 

risk management strategies.

Risk Communication: Real-time, interactiveexchangeof risk information

to enableinformeddecisionsandprotectiveactions.

Beneficiaries: Supportsfarmers,veterinarydoctors,and policymakersin

prevention,decision-making,andbuildingtrustin institutions.

https://nivedi.res.in/Nadres_v2/index.php
https://www.youtube.com/@icar-nivedi
https://www.facebook.com/icarnivediofficial/
https://www.instagram.com/p/DF5DkqqymcW/?igsh=N2NvZXR5cHp3cXdj
https://www.linkedin.com/feed/update/urn:li:share:7294667371829436417/
https://x.com/dilnivedi/status/1888899265411645536
https://github.com/SEL-NIVEDI/


Field-Level Accuracy of District-Wise Disease Forecasts vs. Reported Cases (2023ï2024)

False Negative Error: 

Districts Reported but Not Forecasted

In 2024, a total of 24 districts 

(approximately 10.76%) reported at least 

one disease outbreak, even though they 

were not forecasted by the system.

False Positive Error:

Districts Forecasted but Not Reported

Meanwhile, 26 districts (around 3.94%) 

were forecastedto have outbreaks, but 

no caseswere reported from these 

districts

Ground-

Truth 

Observations 

After Two 

Months



Validation of NADRES v2 showed80% accuracyin predicting Anthrax outbreaks in 2023, highlighting its

potential to prevent most casesthrough early warning.
Validation of NADRES v2 showedå83% accuracy in predicting Black Quarter outbreaks during 2023,

underscoring its potential to prevent most casesthrough timely early warning.

Validation of NADRES v2 showed74% accuracy in predicting FMD outbreaks in 2021, highlighting its

potential to prevent most casesthrough early warning.

Validation of NADRES v2 showed 92.30% accuracy in predicting Theileriosis outbreaks in 2023,

highlighting its potential to prevent most casesthrough early warning.

Post-Prediction Validation of Livestock Disease Forecasts Using Outbreak



Post-Prediction Validation Using ProMED Data

We validatedour forecastedresultsfor livestockdiseasesusingProMEDoutbreakreports.

ü Monthly forecastswerecomparedwith actualreportedoutbreaksto verify whetherthepredicteddiseasesoccurredin thesame

monthandat thesamepredictedlocations.

ü Thisspatio-temporalvalidationhelpedassesstheaccuracyof thediseasetiming in our forecastingmodel.

African Swine Fever Lumpy Skin Disease


