‘, WORLD ASSOCIATION FOR
V SUSTAINABLE DEVELOPMENT

NATURE-AI INFUSION FOR A
SUSTAINABLE IRAQ: INNOVATIVE
INTERVENTIONS BEYOND 2030

NOOR QUSSAY ALSHAIKHLI
College of Information Engineering, AINahrain University, Baghdad, Iraq
Electrical and Computer Engineering Department, Altinbas University, Istanbul 34217, Turkey
Email: Noor.g@nahrainuniv.edu.iq
ORCID: 0000-0001-7765-174X

DR HAKAN KOYUNCU
Computer Engineering Department, Altinbas University, Istanbul 34217, Turkey
Email: hakan.koyuncu@altinbas.edu.tr
ORCID: 0000-0002-8444-1094

ABSTRACT

PURPOSE: This paper presents innovative, nature-based, and Artificial Intelligence (Al)-assisted
strategies to tackle Iraq’s pressing environmental challenges, particularly air pollution, climate vulnerability,
and urban sustainability.

DESIGN/METHODOLOGY/APPROACH: The study conceptually integrates ecological interventions,
such as large-scale tree planting, Al-controlled irrigation, desert seeding, and solar energy deployment, with
data-informed planning mechanisms to advance Sustainable Development Goals (SDGs) (SDG targets 11.6
and 3.9).

FINDINGS: The proposed framework demonstrates how technology-led greening, educational
participation, and co-ordinated policies can collectively improve environmental quality and social resilience.

ORIGINALITY/VALUE: The paper introduces the Nature-Al Infusion model; this bridges environmental
governance and artificial intelligence optimisation to underpin Iraq’s sustainability trajectory beyond 2030.

PRACTICAL IMPLICATIONS: The approach provides actionable guidance for national planners to
embed Al-based monitoring and community-driven environmental initiatives within Iraq’s future Voluntary
National Reviews (VNRs).

PAPER TYPE AND PURPOSE: This paper presents a conceptual framework with applied research
insights, proposing an integrative framework that combines nature-based environmental renewal with
Al-driven analytical support, guiding Iraq’s transformation towards a greener, data-empowered future
beyond 2030.
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INTRODUCTION

Historically, Iraq, known as Mesopotamia and the Land of Black Soil (Ard al-Sawad),
was famed for its fertile plains and rich vegetation, which made the earth appear dark
from afar. In 2015, the United Nations (UN) adopted the 2030 Agenda for Sustainable
Development, anchored around the Sustainable Development Goals (SDGs) as a global
framework for progress (UN, 2015). The UN Inter-Agency Policy Brief on Accelerating
Progress towards the 2030 Agenda calls for co-ordinated, cross-sectoral action to close
existing gaps and promote transformation through innovation, technology, and evidence-
based policy-making, particularly in developing contexts such as Iraq (UNDESA, 2024).

Today, Iraq faces a convergence of environmental degradation, climate fragility, and
urban stress. Rapid demographic growth, ageing energy infrastructure, and limited green
coverage have jointly led to worsening air quality and rising urban heat. These pressures
threaten not only public health but also economic stability and long-term sustainable
development. Infusing environmental preservation initiatives, together with Al-aided
decision-making schemes, has become substantial (Al-Obaidy and Al-Khateeb, 2013;
Mahmud, 2021; Farhan, 2023).

Emerging national research elaborates that the transformation to sustainable cities is
feasible. Authors created projects exploring various technology trends, including smart
energy monitoring, Internet of Things (IoT)-based parking systems, and digital metering.
Such projects highlight the national capacity to achieve enhanced efficiency, reduced
emissions, and cleaner urban environments (Hasan and Kadhim, 2020; Aal-Nouman et
al., 2021; Alsaedi and Jalal, 2024; Ullah et al., 2024). Similarly, digital sustainability is
achieved through stronger communication that is obtained through optimised antenna
design (AlShaikhli ef al., 2022). Combining these developments eclucidates Iraq’s
predisposition for sustainability transition through fostering Al-enabled environmental
planning. The technological boom and sustainability objectives alignment clearly unravel
Iraq’s willingness to foster Al-supported solutions that contribute to the implementation of
the SDGs and the global transition towards smarter, greener cities.

Due to these intersecting environmental and technological dynamics, a strategic and
integrated vision is required at the policy and community levels to infuse innovation within
sustainability. This paper introduces a “Nature-Al Infusion” framework as a visionary
approach that integrates nature-based solutions with Al tools to enact nationally and
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133 Nature-Al Infusion for a Sustainable Iraq

locally towards Iraq’s sustainability. Specifically, it supports SDG 11 (Sustainable Cities
and Communities) and SDG 13 (Climate Action), elucidating Iraq’s specific environmental
challenges. To fully interpret the need for this integrated framework, it is crucial to know
about Iraq’s current environmental conditions and the specific progress preventors that
slow the move towards sustainability in the 2030 Agenda. The following section outlines
these challenges and their relationship to national development priorities and the SDGs.

IRAQ’S ENVIRONMENTAL CHALLENGES AND SDG
CONTEXT

Iraq is confronting a complex set of environmental stressors, including severe dust
storms, desertification, air pollution, and water scarcity. The lack of vegetation and loss
of wetlands have magnified dust generation, while the heavy reliance on fossil fuels and
private generators has increased greenhouse gas emissions and, in turn, raised air pollution.
Iraq’s Voluntary National Reviews (VNRs) (2019 and 2021) reveal that progress on key
environmental indicators, such as SDG 11.6.2 (air quality) and 6.4.1 (water use efficiency),
remains limited due to data limitations, limited institutional co-operation, and weakened
technological integration (Yousuf et al., 2018).

Climate change, rising temperatures, lower rainfall, and prolonged drought have
increasing effects that further worsen the social and economic status. Urban centres, such
as the capital Baghdad, confront eccentric heat waves and low green spaces, making
integrated sustainability strategies substantial (Saeed et al., 2016). Within the framework
of the World Association for Sustainable Development (WASD) and the UN 2030
Agenda, Iraq’s path forward demands synergy between governance, innovation, and civic
engagement to hasten sustainability efforts beyond 2030.

PROPOSED INTERVENTIONS: TOWARDS A NATURE-AI
INFUSED FRAMEWORK

The proposed framework merges ecological renewal with Al-guided decision-making
to strengthen Iraq’s environmental planning. It combines nature-based solutions with
modern digital systems, creating a strategic plan for cleaner air, cooler cities, and resilient
communities. The model accentuates the collaboration between ecological interventions,
innovation, and community involvement to achieve the desirable sustainability outcomes
beyond 2030.
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Tree per Human National Greening Initiative

The flagship component, the Tree per Human campaign, envisions the planting of one
tree for every Iraqi citizen. This large scale programme supports SDGs 11.6 and 13 by
improving air quality, lowering temperatures, and restoring ecological balance. Urban
greening further enhances mental health, minimises noise, and fosters civic development
(Gillner et al., 2015; Sehrt et al., 2020). Al-driven mapping and satellite monitoring can
identify high priority planting areas, track growth, and optimise irrigation. In collaboration
with schools, municipalities, corporate social responsibility (CSR) programmes, and civic
organisations, the initiative becomes both an environmental and educational movement,
epitomising Iraq’s renewed commitment to ecological resilience. Figure 1 shows the vision
of the Tree per Human flagship.

Al & Remote Sensing Tools
Identify planting zones
Monitor vegetation

Schools & Universities
Annual tree planting
Environmental education

Citizens & Volunteers
Public campaigns
Tree care participation

Smart Irrigation Systems
Optimise water use
Prevent ovenwatering

Private Sector Data Platforms & Dashboards
CSR programmes Progress tracking
Green business incentives SDG reporting (11, 13)

=]

Cleaner Air » Cooler Cities * Community Ownership + Climate Resilience

Figure 1: Tree per Human Flagship Vision
Source: Constructed by authors

Within the National Greening Initiative, the following ecological actions have been
proposed.

Artificial Water Spaces

Develop small scale artificial water bodies with hardy aquatic species to enhance humidity,
biodiversity, and local temperature regulation.

Water Resource Tanks

Establish water reservoirs at key points within each governorate to support equitable
irrigation and green infrastructure.
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135 Nature-Al Infusion for a Sustainable Iraq

Emission Absorbing Street Surfaces

Apply road and pavement coatings designed to absorb pollutants from vehicles in congested
areas.

Al Controlled Irrigation and Aerial Watering

Employ smart irrigation networks and drone assisted watering to conserve water in arid
areas (Wei et al., 2024).

Aromatic Diffusers on Streetlights

Integrate diffusers containing natural oils to disperse subtle fragrances and repel insects,
improving comfort and hygiene.

Desert Seeding and Habitat Restoration

Seed climate resilient native plants in selected desert areas using automated systems to
reduce dust storms and rehabilitate degraded land.

Renewable Energy Transition

Promote solar energy and electric vehicles via government-led incentives, phasing out
private generators. Develop a multi-source power plan and pilot exhaust-to fuel conversion
devices to enhance air quality (Saudi Arabian Oil Co, 2017; Hajialigol and Daghigh, 2025).

Educational and Community Engagement

Institutionalise annual student tree planting campaigns and establish school based green
zones to instil sustainability values.

Policy Integration and Mobility Planning

Utilise Al for forecasting and policy evaluation, integrating outcomes into Iraq’s future
VNRs. Expand low emission mobility through cycling lanes and public campaigns.
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Together, these interventions create a comprehensive framework where digital tools
enhance ecological restoration, education builds awareness, and policy secures continuity.
Figure 2 envisions the proposed ecological actions together with Al assisted decision-
making to obtain sustainable Iraq again.

Ecological Al Decision-
Actions Support Layer

Governance | Education | Innovation | Community Participation

Figure 2: The Nature-Al Infusion Framework for a Sustainable Iraq
Source: Constructed by authors

THE ROLE OF Al AND DATA DRIVEN PLANNING

Artificial intelligence (AI) and data-driven planning form the analytical backbone of the
proposed framework. By integrating satellite imagery, environmental sensors, and open
access datasets, Al can identify pollution hotspots, forecast dust storm trends, and optimise
water and energy use across urban and agricultural zones. Machine learning models can
further support decision-makers in prioritising green interventions based on cost-benefit
analysis and environmental impact. Incorporating predictive analytics into policy planning
ensures that environmental management becomes proactive rather than reactive. In Iraq’s
context, such tools can also address data gaps identified in national reviews, providing
reliable evidence for sustainable development reporting and performance tracking beyond
2030.
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Education and Community Engagement

Education and civic participation are essential to include sustainability in Iraqi culture.
Environmental awareness should begin in early education, with each student contributing
to the Tree per Human initiative through annual planned planting activities. Schools and
universities can become living laboratories visualising urban greening, recycling, and
renewable energy adoption. Integrating environmental themes into national curricula
cultivates behavioural change and community responsibility. Beyond formal education,
digital platforms can be exploited to engage citizens in air quality monitoring, pollution
reporting, and green initiatives’ campaigns. Through participatory education, sustainability
evolves into a collective societal ethic rather than being merely a governmental duty.

POLICY INTEGRATION AND FUTURE OUTLOOK

Accomplishing long term sustainability in Iraq relies on integrated, consistent policy
implementation within the main sectors such as energy, environment, transport, and
education. The Nature-Al Infusion framework delivers a practical guide for national
strategies through embedding digital monitoring, nature-based planning, and public
engagement. Decision-makers now have the privilege to use Al to evaluate environmental
performance, measure carbon reductions, and set national laws with international
sustainability commitments. Establishing a national co-ordination scheme through linking
the Ministries of Environment, Education, and Planning would ensure consistency in
implementation and monitoring. Future collaboration with regional neighbours on shared
challenges, such as dust mitigation and water management, could further reinforce Iraq’s
contribution to the global SDG agenda and advance Iraq towards a cleaner environment.

CONCLUSIONS

Iraq stands at a substantial point where environmental renewal and digital transformation
align to secure long-term sustainability. This study presented the Nature-Al Infusion
Framework as a strategic model that merges ecological restoration with Al and evidence-
based planning to strengthen progress towards the SDGs. At the heart of this vision lies
the Tree per Human National Greening Initiative, a leading programme representing Iraq’s
ability to re-establish its natural balance through community participation, education, and
intelligent management facilities.

Once known as Mesopotamia, the Land Between Two Rivers, and Ard al Sawad,
the Land of the Black Soil, Iraq was renowned for its fertile landscapes and productive
agriculture. Restoring that legacy today requires the same harmony between people, water,
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and land, reinforced by modern technology and policy alignment. Through integrating Al
within environmental observation, learning, and governance, the scattered initiatives can
be converted into a unified sustainability agenda.

The Nature-Al Infusion concept therefore connects legacy with innovation, allowing
technology to advance, not replace, the power of nature. It is a national call for co-ordinated,
data-driven action to re-green Iraq, strengthen ecological resilience, and guide the country
towards a cleaner, smarter, and more sustainable future beyond 2030.

REFERENCES

Aal-Nouman, M.I., Abdullah, O. and AlShaikhli, N.Q.A. (2021): Inter-cell interference
mitigation using adaptive reduced power subframes in heterogeneous networks.
International Journal of Electrical and Computer Engineering, Vol. 11, No. 4, pp.3275-
3284. Available at: https://doi.org/10.11591/ijece.v11i4.pp3275-3284

Al-Obaidy, A.H.M.J. and Al-Khateeb, M. (2013): The Challenges of Water Sustainability in
Iraq. Engineering and Technology Journal, Vol. 31, No. 5, pp.828-840.

Alsaedi, N. and Jalal, A.S.A. (2024): Energy Aware Smart Car Parking System Based Internet
of Spatial Things. Iraqi Journal of Information and Communication Technology, Vol. 7,
No. 1, pp.1-10. Available at: https://doi.org/10.31987/ijict.7.1.241

AlShaikhli, N.Q.A., Neamah, M.A. and Aal-Nouman, M.I. (2022): Design of triband antenna
for telecommunications and network applications. Bulletin of Electrical Engineering
and Informatics, Vol. 11, No. 2, pp.1084-1090. Available at:
https://doi.org/10.11591/eei.v11i2.3233

Farhan, A.A. (2023): Challenges to Sustainable Development in Iraq: Human Security Issues.
Tikrit Journal for Political Science, Vol. 2, No. 32, pp.3-22. Available at:
https://doi.org/10.25130/tjfps.v2i32.188

Gillner, S., Vogt, J., Tharang, A., Dettmann, S. and Roloff, A. (2015): Role of street trees in
mitigating effects of heat and drought at highly sealed urban sites. Landscape and Urban
Planning, Vol. 143, pp.33-42. Available at: https://doi.org/10.1016/j.landurbplan.2015.06.005

Hajialigol, N. and Daghigh, R. (2025): A novel flare gas recycling system for distributed energy,
renewable fuel, and purified water production: Multi-objective 4E analysis and optimization.
Energy, Vol. 334, p.137624. Available at: https://doi.org/10.1016/j.energy.2025.137624

Hasan, A.M. and Kadhim, A.A. (2020): Design and Implementation of Smart Meter for
Smart City. Iragi Journal of Information and Communications Technology (IJICT),
Vol. 3, No. 3, pp.33-42.

© 2025 WASD DOI: 10.47556/B.OUTLOOK2025.23.10



139 Nature-Al Infusion for a Sustainable Iraq

Mahmud, S.F. (2021): Opportunities and Challenges of Sustainable Agricultural Development
in Iraq. International Journal of Social Relevance & Concern, Vol. 9, No. 1, pp.12-24.

Saeed, .M., Ramli, A.T. and Saleh, M.A. (2016): Assessment of sustainability in energy of
Iraq, and achievable opportunities in the long run. Renewable and Sustainable Energy
Reviews, Vol. 58, pp.1207-1215. Available at: https://doi.org/10.1016/j.rser.2015.12.302.

Saudi Arabian Oil Co. (2017): Converting Carbon Dioxide from Vehicle Exhaust to Liquid
Fuels and Fuel Additives. Google Patent No. CN111344384A. Available at:
https://patents.google.com/patent/CN111344384A/en

Sehrt, M., Bossdorf, O., Freitag, M. and Bucharova, A. (2020): Less is more! Rapid increase
in plant species richness after reduced mowing in urban grasslands. Basic and Applied
Ecology, Vol. 42, pp.47-53. Available at: https://doi.org/10.1016/j.baae.2019.10.008

Ullah, U., Usama, M., Abbas, M. and Muhammad, Z. (2024): Revitalizing Urban Mobility: A
Comprehensive Analysis of Traffic Flow and Sustainable Solutions at the Un-signalized

Taxila Intersection. Iragi Journal of Information and Communication Technology, Vol. 7,
No. 1, pp.61-74. Available at: https://doi.org/10.31987/ijict.7.1.278

United Nations (2015): Global Sustainable Development Report. United Nations, Geneva.
Availableat: https://sustainabledevelopment.un.org/content/documents/1758 GSDR %20
2015%20Advance%20Unedited%20Version.pdf  202pp.

United Nations Department of Economic and Social Affairs (DESA) (2024): Inter-agency
Policy Briefs on Accelerating Progress on the 2030 Agenda from Local to Global Levels:
The Critical Importance of SDG Localization. Available at: https://sdgs.un.org/sites/
default/files/2024-08/Inter-agency%20Policy%20Briefs%200n%20Accelerating%20
Progress%202030%20-%20080124.pdf 125pp

Wei, H., Xu, W., Kang, B., Eisner, R., Muleke, A., Rodriguez, D., deVoil, P., Sadras, V.,
Monjardino, M. and Harrison, M.T. (2024): Irrigation with Artificial Intelligence:
Problems, Premises, Promises. Human-Centric Intelligent Systems, Vol. 4, No. 2,
pp.187-205. Available at: https://doi.org/10.1007/s44230-024-00072-4

Yousuf, M.A., Rapantova, N. and Younis, J.H. (2018): Sustainable water management in
Iraq (Kurdistan) as a challenge for governmental responsibility. Water (Switzerland),
Vol. 10, No. 11, p.1651. Available at: https://doi.org/10.3390/w10111651

DOI: 10.47556/B.OUTLOOK2025.23.10 © 2025 WASD

“] :‘NE?[:{::;I!:TIES
A
(=)

v

'I SUSTAINABLE CITIES
AND COMMUNITIES

abée

12 RESPONSIBLE
CONSUMPTION
AND PRODUCTION

O

13 foror

IALBIEFI.EIIW WATER
15 lnlr:Eumn

Iﬁ PEACE, JUSTICE
AND STRONG
INSTITUTIONS

’
e

Y,

I7 PARTNERSHIPS
FOR THE GOALS

&

SUSTAINABLE
DEVELOPMENT

AL
s




NO
POVERTY

AlShaikhli and Koyuncu 140

BIOGRAPHY

Noor Qussay AlShaikhli is a PhD researcher at Altinbas University,
Tiirkiye, and a lecturer at Al-Nahrain University, Iraq. Her research focuses

(¢
W

600D HEALTH : ) ) . . .
AND WELL-BEING and ecological planning. She has also contributed to research in environmental modelling,

on the intersection of artificial intelligence, environmental sustainability,

and data-driven decision support. With a strong commitment to the United
Nations Sustainable Development Goals (particularly SDG 3, 11, and SDG 13), Ms
AlShaikhli develops innovative machine learning frameworks for air quality prediction

intelligent optimisation, and smart city design, with an emphasis on interpretability,
L efficiency, and social impact. Beyond her academic achievements, Ms AlShaikhli actively
advocates for sustainable development and community awareness in Iraq and the wider
region. Her research and public engagement aim to empower policy-makers, educators,

2::};%0'“ and citizens to build a cleaner, smarter, and more resilient future.

l!!‘ ' ,’ ‘-"'&\ Dr Hakan Koyuncu is an Associate Professor in the Department of
{ } Computer Engineering at Altinbas University, where he also leads the
L\ ¢ Electrical and Computer Engineering graduate programmes. He earned

GENDER < his PhD in Computer Science from Loughborough University, UK, with

EQUALITY . . . .. . . . .
a dissertation focused on indoor localisation using wireless sensor nodes: his academic

career builds on his dissertation. Dr Koyuncu’s research leverages deep learning and Al,
with his work appearing in a range of peer-reviewed international journals. His primary
research areas include Applied Artificial Intelligence, Machine Learning, Wireless Sensor
CLEAN WATER Networks, and hybrid optimisation techniques. His contributions are particularly notable in
AND SANITATION the medical domain, where he has developed novel frameworks for diagnostics. His work
also extends to creating and applying optimisation algorithms to improve applications
ranging from facial biometrics to molecular similarity detection, demonstrating a firm
commitment to translating theoretical computer science into impactful, real-world

solutions.

DECENT WORK AND
ECONOMIC GROWTH

o

INDUSTRY, INNOVATION
AND INFRASTRUCTURE

© 2025 WASD DOI: 10.47556/B.OUTLOOK2025.23.10




