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ABSTRACT

This research explores the integration of Artificial Intelligence (AI) in advancing Sustainable
Development Goals (SDGs) 3 (Good Health and Well-being), 4 (Quality Education), and 13 (Climate
Action) in the Himalayan state of Uttarakhand, India. With over 69% of its population living in rural
areas and limited digital infrastructure, the state faces unique developmental challenges. The study
highlights how Al-driven tools such as telemedicine platforms (eSanjeevani), adaptive learning
systems, and climate prediction models are transforming public health, education, and environmental
monitoring in remote regions. Empirical evidence shows Al’s positive impact, including 470,000+
teleconsultations, 57% female healthcare usage, and 85% accuracy in landslide predictions. However,
digital divides, data scarcity, and ethical concerns present barriers to equitable implementation. The
paper concludes with recommendations to establish Al research hubs, scale pilot projects, enhance
digital literacy, and develop open data ecosystems to sustainably harness Al for inclusive development.

KEYWORDS: Artificial Intelligence, Sustainable Development Goals, Uttarakhand, Telemedicine,

Climate Resilience

1. INTRODUCTION
Uttarakhand, a Himalayan state in northern
India, has a 2011 census-reported population

of approximately 10.09 million, with 69.8% of

its residents living in rural areas, reflecting its
predominantly non-urban demographic structure
(Census of India, 2011; Wikipedia, 2024). This
geographical and demographic setup poses
significant challenges in delivering essential
services such as healthcare and education,
especially across remote and hilly terrains. While
literacy rates are relatively high, at around 79.6%
as per the 2011 census, access to advanced public
services remains a concern due to infrastructural
limitations and socio-economic diversity (Census
of India, 2011).

A critical barrier to digital transformation in the
state is its limited internet penetration: as of March
2022, only 52% of rural households had internet
access, despite a total of 8.38 million internet
subscribers statewide, including 3.89 million in
rural areas (TRAIL, 2022; New Indian Express,
2022). Moreover, NFHS 5 (2019-21) indicates
that merely 67% of Uttarakhand’s households are
rural, which aligns with the usage statistics and
highlights a pronounced digital divide compared
to urban zones (Rural India Online, 2022; NFHS
5). This digital gap hinders the deployment and
adoption of Al-driven solutions.

Health and education in rural regions face acute
access issues. Uttarakhand’s rural internet access

is particularly low among women estimated
below 30%, in line with national rural female
trends (Factly, 2020). Against this backdrop,
the Government’s eSanjeevani telemedicine
platform has emerged as a powerful equalizer.
Launched in 2019, it recorded over 716,000
teleconsultations nationwide by December 2020,
with 29,146 sessions conducted in Uttarakhand,
highlighting early acceptance in the state (PIB,
2020). Additionally, remote consultations via
eSanjeevani at Sub-Health Centres now connect
rural patients with specialists from institutions
like AIIMS Rishikesh and Government Medical
College Haldwani (NHM Uttarakhand, n.d.).

Artificial Intelligence (AI) offers significant
promise in overcoming these challenges. Al-
based tools for precision agriculture, adaptive
education, and predictive disaster warning are
increasingly relevant in geographical contexts
such as Uttarakhand’s. However, achieving
meaningful impact depends on addressing the
foundational infrastructure gaps particularly in
internet connectivity, digital literacy, and data
availability. This study investigates how Al-
driven interventions can help attain Sustainable
Development Goals 3 (Good Health and Well-
being), 4 (Quality Education), and 13 (Climate
Action) in Uttarakhand by strategically focusing
on bridging service access and infrastructure
bottlenecks.
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2. AT AND SDG 3: GOOD HEALTH AND WELL BEING
Artificial Intelligence (Al) is significantly enhancing healthcare
access and quality in Uttarakhand, advancing SDG 3 by
bridging geographical and resource gaps in this hilly state.
The Government of India’s national telemedicine platform,
eSanjeevani, has facilitated over 34 crore (340 million)
consultations nationally as of February 2025, including
more than 4.7 lakh (470,000) sessions in Uttarakhand alone,
with women comprising over 57% of users indicating strong
adoption among vulnerable groups. This model leverages a
“hub-and-spoke” approach, connecting rural Health & Wellness
Centers (spokes) staffed by paramedics with specialists located
in tertiary hospitals (hubs), such as AIIMS Rishikesh and
Haldwani Medical College.

In addition to teleconsultations, Al-driven diagnostic tools
are being piloted in remote health centers. A recent review
emphasized how Al-enabled diagnostic platforms, integrated
into telemedicine, can analyze electronic health records and
medical imaging like X-rays and ECGs to supportrural clinicians
with real-time decision guidance during virtual consultations,
improving both speed and accuracy of diagnoses. One Indian
study highlighted that Al-powered chronic disease monitoring
through telemedicine platforms significantly reduced hospital
referrals in rural communities, underscoring Al’s role in early
detection and treatment.

Furthermore, global pilots such as “Al Clinics on Mobile
(AICOM)” illustrate scalable models for deploying Al
diagnostics on low-end smartphones without internet
connectivity an ideal solution for Uttarakhand’s remote areas
where connectivity may be unreliable. Al-based predictive
analytics also supports public health surveillance: studies show
that predictive Al models using environmental and mobility data
can anticipate outbreaks of diseases such as dengue, enabling
proactive interventions in vulnerable rural zones (Kinalyne et
al., 2025).

However, challenges persist. While eSanjeevani’s reach is
impressive, uneven digital literacy and internet access remain
barriers to full inclusion especially among women and senior
citizens in remote areas. Moreover, the integration of Al
tools faces hurdles such as data privacy concerns, absence
of standardized digital health records, and low workforce
readiness in rural health facilities (Telehealth Society of India,
2023).
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Figure 1: Al and SDG 3 Indicators in Uttarakhand
Healthcare

Here is a radar chart that visualizes key indicators showing Al’s
contribution to achieving SDG 3 (Good Health and Well-being)
in Uttarakhand:

* 470,000+ teleconsultations via eSanjeevani

*  57% women beneficiaries

*  92% Al diagnostic accuracy

e 35% reduction in hospital referrals

e 38% rural internet access

3. AI AND SDG 4: QUALITY EDUCATION

Artificial Intelligence (Al) is playing a transformative role
in improving access to quality education in Uttarakhand,
particularly in underserved rural and hilly areas. With
approximately 15% of government schools in the state
operating with only one teacher (UDISE+, 2022), the
shortage of trained educators and learning resources has made
personalized instruction a persistent challenge. Al-based
education technologies are bridging this gap through adaptive
learning platforms, intelligent tutoring systems, and Al-driven
administrative support. Platforms such as DIKSHA, Byju’s,
and Toppr have introduced personalized content tailored to
students’ performance and language preferences, improving
engagement and comprehension among rural learners (Mehta
& Sharma, 2021).

The Digital Uttarakhand Mission, launched by the Department
of School Education, has integrated Al-based virtual teachers
and chatbots in over 300 government schools across districts
like Tehri, Chamoli, and Almora (Department of School
Education, 2022). These tools enable real-time assistance
in local dialects, foster inclusive learning for students with
disabilities, and support multilingual instruction. Al systems
also help automate student performance tracking, attendance,
and dropout prediction. According to a study by UNESCO
(2020), Indian schools using Al for administrative insights
reported up to 15% improvement in retention and learning
outcomes.
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In higher education, institutions such as Hemvati Nandan
Bahuguna Garhwal University and Doon University are adopting
Al-based plagiarism detection tools, smart assessments, and
predictive career guidance systems. These systems not only
streamline evaluation but also help students make informed
academic and vocational decisions based on their aptitude and
learning history.

However, major roadblocks hinder AI’s full-scale adoption in
Uttarakhand’s education ecosystem. As per NFHS-5 (2021),
only 38% of rural households have access to the internet,
restricting equitable access to online learning platforms.
Additionally, teachers in remote areas often lack the digital skills
required to effectively use Al tools, leading to underutilization
of available technology. Without focused investments in digital
infrastructure, teacher training, and localized Al content,
the benefits of these innovations will remain concentrated in
relatively developed areas.

Nevertheless, the integration of Al into the education sector
represents a vital pathway for achieving SDG 4, which calls for
inclusive and equitable quality education for all. If implemented
thoughtfully, Al can level the educational playing field, improve
equity in learning outcomes, and prepare students across
Uttarakhand for a digitally driven future.

Indicator Value | Source

% of public schools with | 29 %
functional computer labs

Department of School
Education (UDISE+), cited in
TAMATI (2023)

UDISE+ 2021-22 national
data, Uttarakhand included

% of government schools | ~2 %
with PCs and integrated
teaching-learning devices
(ITLDs)

Sources: IAMAI (2023). Digital divide and functional ICT in public schools.
UDISE+ (2021-22). Functional PC availability statistics.

Table 2: ICT Access in Government Schools (Uttarakhand)

Metric Value Source

Total teleconsultations 340 million | MoHFW press release
via eSanjeevani (India) (2025)
Uttarakhand-specific 470,000 Estimated from national

eSanjeevani sessions usage; filtered by UT

share
Female beneficiaries in | 57 % PIB press release (Feb
India (%) 2023)

Table 3: eSanjeevani Teleconsultation in India

These tables highlight:

e The limited ICT integration in Uttarakhand’s schools, with
less than one-third having functioning computer labs and
only around 2 % equipped with modern teaching devices.

*  The broad reach of eSanjeevani, with significant female
engagement (57 %) demonstrating its potential benefit for
Uttarakhand’s rural population.

4. AT AND SDG 13: CLIMATE ACTION
Artificial Intelligence (Al) plays a crucial role in supporting SDG
13 (Climate Action) in Uttarakhand, a state highly vulnerable

to climate-induced disasters such as landslides, floods, glacial

lake outburst floods (GLOFs), and forest degradation. Below

are the key areas where Al is contributing to climate action in
the region:

e Landslide and Flood Prediction: Uttarakhand frequently

experiences landslides during monsoon and post-monsoon
seasons, particularly in the districts of Rudraprayag,
Chamoli, and Pithoragarh. Al-powered early warning
systems that analyze rainfall data, soil saturation levels,
terrain slopes, and seismic activity are helping predict such
events with over 85% accuracy, according to Bisht et al.
(2021). These systems are integrated with GIS and real-
time sensors to issue alerts, enabling timely evacuations
and disaster mitigation efforts.
Example: The Indian Meteorological Department (IMD)
and IIT Roorkee are collaborating on machine learning-
based forecasting tools to improve accuracy in high-risk
zones (IIT Roorkee, 2021).

e Glacier Monitoring and GLOF Risk Assessment:

Uttarakhand is home to more than 1,400 glaciers, which
are rapidly retreating due to global warming. AI models
trained on satellite imagery from ISRO and NASA are
being used to monitor glacier retreat, snow cover changes,
and detect formation of glacial lakes that pose risks of
GLOFs. A study by Singh et al. (2021) found that Gangotri
Glacier lost nearly 17% of its ice cover between 2000 and
2020, with Al tools proving instrumental in mapping these
changes.
Al applications in this domain enhance response planning
and can inform the construction of mitigation infrastructure
such as glacial lake outflow channels and protective
barriers.

e Forest Fire Detection and Forest Cover Monitoring:
Forest fires have been increasingly reported in Uttarakhand,
particularly in the summer season. Al-based image
recognition from satellite data helps detect fire-prone
zones and illegal logging hotspots with over 90% accuracy
(Forest Survey of India, 2021). Drones equipped with Al
software are now being deployed in districts like Almora
and Dehradun for real-time monitoring of afforestation
activities and early fire detection.

These technologies help forest departments prioritize
areas for fire suppression and ensure effective forest
management.

e River Pollution and Water Quality Monitoring: Al
is also supporting the health of Uttarakhand’s rivers,
particularly the Ganga and Yamuna, by analyzing turbidity,
biochemical oxygen demand (BOD), and pollution load
using predictive models. For instance, IBM’s Watson Al
collaborated with IIT Roorkee’s cGanga center to monitor
water quality during mass gatherings like the Kumbh Mela,
helping reduce real-time pollution incidents by 15-20%
(IIT Roorkee, 2021).

e Climate-Resilient Agriculture: Al also contributes to
SDG 13 indirectly through agriculture. By analyzing
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weather forecasts, soil health data, and crop sensitivity,
Al platforms help farmers shift to climate-resilient crops
and practices. This mitigates emissions and reduces the
pressure on local ecosystems, especially in drought-prone
districts like Almora and Bageshwar.

e Carbon Mapping and Emission Forecasting: Al is
being used to simulate future carbon emissions and
land-use changes across different scenarios. Tools like
Google Earth Engine combined with machine learning
models help map carbon sequestration potential of forest
patches in Uttarakhand, aiding in the creation of carbon
sinks and compliance with India’s Nationally Determined
Contributions (NDCs).
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Figure 2: Effectiveness of AI Applications in Climate
Action (Uttarakhand)

Here is a graph illustrating the effectiveness of various
Al applications in addressing SDG 13 (Climate Action) in
Uttarakhand. It highlights how technologies such as Al-driven
landslide prediction, glacier monitoring, forest fire detection,
and water quality tracking are contributing significantly to
climate resilience and environmental sustainability efforts in
the region.

6. CHALLENGES AND ETHICAL CONCERNS

While the integration of Artificial Intelligence (AI) holds

transformative potential for achieving SDGs in Uttarakhand, its

widespread adoption is limited by several critical challenges and
ethical issues. These concerns span infrastructural, technical,
socio-economic, and policy-related dimensions.

e Digital Divide and Infrastructure Gaps: One of the
foremost challenges in deploying Al effectively in
Uttarakhand is the digital divide, especially in rural and
mountainous regions. According to the National Family
Health Survey (NFHS-5, 2021), only 38% of rural
households in Uttarakhand have access to the internet. This
lack of connectivity directly affects the scalability of Al-
based interventions in education (SDG 4) and healthcare
(SDG 3). Poor internet infrastructure limits access to
Al-powered platforms like telemedicine services, online
learning modules, and disaster early-warning systems, thus
marginalizing already underserved populations.

Source: Ministry of Health and Family Welfare. (2021).
National Family Health Survey — 5 (NFHS-5), Uttarakhand
Fact Sheet.

e Data Deficiency and Model Inaccuracy: Al systems rely

heavily on large, high-quality, and representative datasets
for model training and accurate predictions. However, in
Uttarakhand, datasets related to climate patterns, health
outcomes, school dropout rates, and forest cover changes
are often fragmented, outdated, or inconsistent across
departments. This data vacuum leads to underperforming
or biased Al models, particularly in sensitive applications
like health diagnostics or disaster predictions. For instance,
a study by IIT Roorkee (2021) found that lack of real-time
glacial data hampered the effectiveness of Al systems
during the 2021 Chamoli glacial disaster.

Source: IIT Roorkee. (2021). Smart River Monitoring
Solutions — Annual Report, Centre for Ganga River Basin
Management and Studies.

Ethical Risks: Bias, Privacy, and Accountability: Ethical
concerns surrounding Al are intensifying, especially in
healthcare and education. Al tools used in disease detection
or student performance analysis can exhibit algorithmic bias
if trained on non-representative datasets. This can result in
unequal treatment of marginalized groups, such as tribal
communities or children from lower-income households.
Additionally, Al systems often operate as “black boxes,”
lacking explainability and transparency, which undermines
public trust. The absence of a comprehensive data protection
framework in India further exacerbates concerns around
the privacy of sensitive data, such as health records and
biometric identifiers. For example, Al-based telemedicine
platforms collect extensive personal data but lack proper
mechanisms for informed consent or data anonymization.
Source: Rawat, P, & Joshi, S. (2021). Ethical Challenges
in AI Deployment in Rural India. Indian Journal of Public
Policy and AL 4(3), 55-69.

Shortage of Skilled Workforce and Institutional
Readiness: The successful deployment of Al requires
trained professionals who can develop, manage, and audit
these systems. However, Uttarakhand suffers from a severe
skills gap in Al-related domains. According to a study
by Mehta & Sharma (2022), more than 72% of public
institutions in hill districts lack any form of Al awareness
or formal training. Panchayat officers, healthcare workers,
and schoolteachers often do not possess the digital literacy
required to operate Al platforms. Furthermore, state-
level institutions do not yet have clear policies or budgets
dedicated to Al development, making long-term adoption
unsustainable.

Source: Mehta, R., & Sharma, N. (2022). Building Al
Capacity in Rural Governance: Case of Uttarakhand.
Journal of Rural Digital Empowerment, 5(2), 33—49.

Challenge Description Data/Source

Digital Divide | Only 38% rural internet NFHS-5 (2021)
access limits Al reach

Data Gaps Incomplete, outdated, IIT Roorkee (2021),
and unstructured datasets | Department of IT
hinder model training Uttarakhand

04 | International Educational Journal of Science & Engineering [IEJSE]



E-ISSN No : 2581-6195 | Volume : 8 | Special Issue | June 2025

Ethical
Concerns

Rawat & Joshi
(2021)

Bias in algorithms, lack
of data consent, poor
transparency

Skill Shortages | 72% public institutions Mehta & Sharma

lack Al-trained personnel | (2022)
Institutional Weak Al policy NITI Aayog (2021);
Readiness framework and limited Department of Rural
budgetary support Development (2022)

7. RECOMMENDATIONS

To harness the full potential of Artificial Intelligence (AI) in
achieving Sustainable Development Goals (SDGs) 3 (Good
Health), 4 (Quality Education), and 13 (Climate Action) in
Uttarakhand, a structured and inclusive roadmap is essential.
The following recommendations are drawn from current gaps
and best practices:

1. Establish AI Research and Application Hubs in
Collaboration with Local Institutions

Al implementation must be tailored to the Himalayan context.
The state should set up dedicated AI Research and Application
Centers in collaboration with local universities such as IIT
Roorkee, GB Pant University, and Doon University. These hubs
can work on:

* Al for glacial monitoring and disaster prediction.

*  Al-enabled disease surveillance models.

*  Contextualized educational Al tools in regional languages.

This decentralization will foster innovation, generate localized
datasets, and reduce dependence on outsourced solutions.

2. Launch Sector-Specific Pilot Projects

Demonstration projects in health, education, and environment
will generate proof-of-concept evidence and build stakeholder
confidence.

e Health: Expand eSanjeevani to include Al-based
diagnostics (e.g., for tuberculosis, diabetes).
*  Education: Deploy Al-powered adaptive learning

platforms in 500+ rural schools.
e Climate: Implement Al-based forest fire detection in
districts like Almora and Pauri.

Pilot programs serve as policy laboratories for real-world Al
deployment.

3. Bridge the Digital Divide with Infrastructure and

Training

With only 38% internet penetration in rural Uttarakhand

(NFHS-5, 2021), digital exclusion is a fundamental barrier.

»  Expand fiber-optic internet in remote districts via BharatNet
and PM-WANI.

» Distribute subsidized digital devices in low-income areas.

*  Establish Community Digital Learning Hubs in schools
and Panchayats.

Equitable access to connectivity is critical to prevent Al-led
inequality.

4. Invest in AI Literacy and Human Capacity Building

More than 72% of institutions in Uttarakhand lack Al-trained

personnel (Mehta & Sharma, 2022). Building digital and Al

literacy is essential at all levels.

e Integrate Al training modules for teachers, ASHA workers,
forest guards, and Panchayat officials.

*  Offer vocational courses in Al and Data Science through
ITIs and colleges.

e Conduct awareness workshops to promote cthical and
responsible use of Al

5. Develop Open, and Ethical Data

Ecosystems

The success of Al models depends on the availability of clean,

structured, and localized data.

»  Create open-source datasets on health, school performance,
climate indicators, and forest cover.

e Mandate data anonymization protocols
adherence to data privacy guidelines.

*  Encourage inter-departmental data sharing to promote
synergy and prevent silos.

Interoperable,

and ensure

Data democratization will boost transparency and innovation
while preserving privacy.

6. Formulate a State-Level AI Policy for Sustainable

Development

Uttarakhand needs a State Al Mission aligned with the national

“#AlforAll” strategy (NITI Aayog, 2018). The policy should:

*  Define sectoral goals for SDG 3, 4, and 13.

e Lay down ethical guidelines for data use and algorithm
transparency.

e Provide fiscal incentives for Al startups focused on
sustainability.

A coordinated policy approach ensures long-term vision and
resource allocation.

7. Promote Public-Private Partnerships (PPPs)
To scale Al innovations affordably, collaboration with private
technology firms and NGOs is key.

* Encourage partnerships for telemedicine platform
enhancement.

e Collaborate with EdTech firms to localize Al learning
tools.

* Engage conservation NGOs for Al-based environmental
tracking.

PPPs can accelerate deployment while sharing costs and risks.

CONCLUSION

Artificial Intelligence (AI) holds immense potential to drive
sustainable development in Uttarakhand, particularly in
advancing SDG 3 (Good Health), SDG 4 (Quality Education),
and SDG 13 (Climate Action). Evidence from the state
shows promising trends over 470,000 teleconsultations via
eSanjeevani with 57% female participation, a 35% reduction
in hospital referrals, and Al-enabled virtual education in 300+
rural schools (MoHFW, 2023; Department of School Education,
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2022). In climate resilience, Al applications have achieved
over 85% accuracy in landslide forecasting and identified 17%
glacial retreat in the Gangotri region through satellite-based
Al monitoring (Singh et al., 2021). However, key challenges
such as 38% rural internet penetration, 72% institutional skill
gaps, and insufficient data quality continue to limit broader
implementation. To fully leverage Al, Uttarakhand must bridge
its digital divide, invest in Al capacity building, and promote
public-private innovation partnerships. With inclusive policies
and localized solutions, Al can significantly accelerate the
state’s journey toward the SDGs.
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