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Abstract Urban and rural areas are dynamic systems, functionally interlinked through their 

social, economic, and environmental settings. While urban population heavily depends on the 

natural resources sourced from surrounding rural areas, the rural population is increasingly 

reliant on urban areas for employment, healthcare etc. In the recent years, the notion of urban-

rural linkage has gained high prominence in the global policy outcomes, including the 

Sustainable Development Goals and The New Urban Agenda, particularly in response to the 

rapid urbanization trends and climate change. However, it’s application at local level 

development planning is still not apparent. In case of the Nagpur Metropolitan Area ‘NMA’ in 

India, a Smart City and Smart Rural ‘Rurban’ Cluster are being developed adjacently under 

two different missions of Government of India which are totally disconnected. While urban-

rural systems in NMA are already stressed with the situations of resource conflict (like water 

supply), their relationships are expected to get further constrained under changing climate 

scenarios. Addressing this need, we present a knowledge-based conceptual framework that 

presents an overall picture of the water resource flow (specifically from a Water-Energy-Food 

nexus perspective) between urban and rural areas within NMA. Based on the developed 

framework, the study suggests feasible directions for smartly linking the upcoming 

developments in Nagpur Smart city and adjacent Rurban cluster. 
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1. INTRODUCTION 

 

Smart developments, be it in urban or rural areas, are today becoming a global reality. While 

the concept of smart development is still evolving, there is no established definition as to what 

makes an urban or rural area ‘smart’. A few researchers refer to smart developments as the 

integration of Information and Communication Technology ‘ICT’ features into daily life 

activities and state functions (Komninos 2011; Randhawa and Kumar 2017), while others 

emphasize on knowledge management (Garcia 2007). The definitions, nomenclatures and the 

context of smart developments differ from place to place. However, it is acknowledged that 

they contribute to the regional vision of smart growth (Blais 2003). In the broadest sense, the 

concept of ‘Smart’ is related to different structuring aspects of a society like Smart Economy, 

Smart People, Smart Environment, Smart Living, Smart Governance and Smart Mobility, with 

the key objective of enhancing quality of life in terms of reduced energy consumption, inclusive 

growth, cleaner transport etc. (Chichernea 2015; Kumar and Dahiya 2017). 

In the wake of growing urban population and increasing concentration of economic activities, 

cities around the world are increasingly embracing technologies like sensors, cameras, wireless 

devices, data centres etc. to enhance the provision of services to urban residents in a faster and 

efficient manner. Noticeably, the application of ICT features in cities has been debated for a 

long time under different labels including Knowledge cities, Intelligent cities, Digital Cities, 

Virtual Cities etc., which are often used interchangeably (Meijer and Bolívar 2013). However, 

the concept of ‘Smart Cities’ (recognized since late 1990’s) has today overshadowed all other 

concepts in terms of academic research and is globally been recognized as an umbrella term 

for enhancing livability, sustainability and quality of life in urban areas. In recent years, there 

have been several policy initiatives around the world for implementing the ‘Smart cities’ 

concept, as well as private sector initiatives (like from IBM and CISCO) for enabling 

technology integration into cities (Mora et al.  2017). Likewise, there are also several pilot 

projects been implemented to develop ‘Smart Villages’ through technology integration, which 

is a relatively new concept (several initiatives highlighted by Zavratnik et al. 2018). 

While smart developments are increasingly focused on securing investments, creating more 

jobs etc., it is important to understand that their resource demands will proportionately increase 

with the growing population and economic activities. As cities depend on surrounding rural 

areas for most of their resource demands in terms of water, energy, food, manpower etc. 

(Wilbanks and Fernandez 2013; Morton et al. 2014; Sukhwani et al. 2019), it is highly 

important to strengthen the urban-rural linkages to safeguard the flow of key resources, 

especially in the wake of changing climatic conditions and emerging disaster risks. The 

importance of urban-rural linkages has also been recognized at the global policy level, 

including the Sustainable Development Goals ‘SDGs’ (UNDP 2015) and The New Urban 

Agenda (UN-Habitat 2017). However, there is very limited progress in their application at 

policy and governance levels. The discrete governance of urban and rural areas has also become 

a major cause of concern amidst the ongoing COVID-19 ‘Coronavirus disease 2019’ global 

pandemic (officially declared by the World Health Organization on 11th March 2020), as urban 
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and rural areas around the world have experienced increased isolation, with disrupted urban-

rural supply chains (also discussed by Egal and Forster 2020). 

In case of India, the development planning is moving forward with ‘Smart Cities’ under the 

Smart Cities Mission ‘SCM’ (SCM 2015) and ‘Smart Rural clusters’ (Rurban clusters) under 

the National Rurban Mission ‘NRuM’ (NRuM 2016). While SCM is focused on providing core 

infrastructure and improved quality of life to urban citizens, the NRuM is intended to 

complement the SCM by stimulating local economic development and enhancing basic 

services in rural areas with a cluster-based approach. Singh and Rahman (2018) explained that 

the definition of ‘Rurban’ cluster is not clearly defined under the NRuM, and it is often linked 

to peri-urban areas. However, in Indian context, the Rurban areas are increasingly been related 

to the rural areas that have urban amenities (Hui and Wescoat 2019). Moreover, both the 

development missions are been implemented separately in a disconnected manner. In case of 

Nagpur Metropolitan Area (NMA) in central India, Nagpur Smart city (Nagpur SCP 2016) and 

Wadoda Rurban cluster (Wadoda ICAP 2017) are being developed adjacently with no 

consideration to unintended mutual consequences. While Nagpur is being projected to be the 

fifth fastest growing city in the world from 2019-2035 (Holt 2018), it has recently experienced 

serious water stress concerns, across different sectors including urban domestic, industry, 

agriculture etc. (Deshkar 2019). Therefore, to ensure continued supply of water resources for 

sustainable development of Nagpur, it will be important to address the urban-rural linkages 

from a nexus perspective. 

With that background, this study works towards identifying potential areas of shared concern 

in NMA where the upcoming smart developments can engage to foster urban-rural linkages. 

The three specific objectives of this research are as follows, (a) To study the action plans of 

ongoing Nagpur Smart City and Wadoda Rurban Cluster developments, and identify their key 

shortcomings; (b) To understand the flow of water resources between urban and rural areas in 

Nagpur Metropolitan Area (NMA), from a Water-Energy-Food (WEF) nexus perspective, (c) 

To suggest feasible directions for incorporating the component of ‘urban-rural linkage’ in the 

action plans of upcoming Smart City and Rurban Cluster in Nagpur region. It is important to 

note that this research will only focus on urban and rural areas as extreme ends of the continuum. 

To overcome the knowledge gaps on urban-rural linkages in NMA, this research builds on a 

knowledge-based conceptual framework of water resource flow between urban and rural areas, 

which is developed based on a literature review. For the context of this study, a ‘knowledge-

based’ framework mainly refers to the notion of addressing the cross-sectoral linkages between 

different sectors (mainly WEF sectors) for achieving coordinated development planning.  

The remaining paper is structured as follows. Section 2 provides a brief overview about the 

key concepts of urban-rural linkages, WEF nexus and knowledge-based approach. Section 3 

introduces the case study area of NMA, and briefly explains the key characteristics and 

shortcomings in the upcoming smart urban-rural developments. The research methodology has 

been explained in Section 4. Section 5 elaborates on the independent flow of water, energy, 

and food resources between urban and rural areas in NMA, which are then interlinked to form 

a knowledge-based conceptual framework in Section 6. Building on the developed framework, 

Section 7 presents feasible measures to smartly link the upcoming smart urban-rural 
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developments. The last Section 8 summarizes the key conclusions and underlines the key 

research limitations. 

 

2. LITERATURE REVIEW 

 

This section is intended to provide a precise understanding of the existing scientific literature, 

related to the key concepts that form the basis of the conducted research. The section is divided 

into three sub-sections. The first sub-section discusses about the concept of urban-rural 

linkages and their growing importance in the present policy context. The second sub-section 

explains about the growing relevance of WEF nexus thinking for strengthening urban-rural 

linkages at transboundary scale. The last sub-section deliberates on the idea of knowledge-

based approach for development planning. For the literature review, relevant publications from 

selected database of Scopus along with the online grey literature and academic research were 

referred. 

 

2.1 Importance of Urban-Rural linkages 

Urban and rural areas are geographically dispersed, but they are closely linked through a 

variety of spatial and sectoral linkages (Tacoli 1998). Urban-rural linkages basically refer to 

the two-way flow of a variety of resource elements like food, energy, water, goods, information, 

finances, people, culture etc. (Douglass 1998; Akkoyunlu 2015). Rural areas have traditionally 

served as the center of key natural resources and labor, which are crucial to urban regions. 

Likewise, their urban counterpart areas provide markets for agricultural products, specialized 

services like healthcare, education, employment etc. It has been found that the definitions of 

urban and rural areas, based on various factors like demographic and economic criteria, vary 

in different countries (van Leeuwen and Nijkamp 2006). However, with changing population 

dynamics, expanding urban areas and changing land use patterns, the nature of urban-rural 

linkages is also reported to be fast-changing even within the same country. More and more 

productive agricultural lands, wetlands, forests etc. are been acquired for urban development 

purposes (also discussed by Sukhwani et al. 2019). Particularly in fast developing countries 

like India, which have a predominant rural population (68.84% as per Census 2011), urban and 

rural areas within a regional space are increasingly interwoven. Over the years, a number of 

empirical studies have been conducted to study the changing dynamics of urban-rural linkages 

in India and globally (eg. Peeters and Marinho 2008; Bari and Munir 2014; Sivaramakrishnan 

and Sar 2014; Kim 2015). While majority of these studies have analysed the spatial level flow 

of resources, transportation connectivity has been identified as one of the key factors in shaping 

the urban-rural linkages. 

At global policy level, the importance of urban-rural linkages has for long been recognized 

in development planning (UN-Habitat1976). However, the 2030 Agenda for Sustainable 

Development (UNDP 2015) and The New Urban Agenda (UN-Habitat 2017) have provided a 
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renewed attention to this concept. Against the conventionally discrete governance structures of 

urban and rural areas, regional level planning exercises in consideration to urban-rural linkages 

have today become critical to maintain the environmental balance. Researchers have also 

pointed out that enhancing the connectedness between urban and rural areas has potential to 

reduce poverty, economic inequality and at the same time maintain the ecological and cultural 

diversity that are crucial for sustainable development (Srivastava and Shaw 2013; Hussein and 

Suttie 2016). 

 

2.2 Growing relevance of Water-Energy-Food (WEF) Nexus thinking 

In the backdrop of expanding urban boundaries and growing population, the need for 

strengthening urban-rural linkages is increasingly being realized as urban areas largely meet 

their WEF resource demands from outside their physical boundaries (Heard et al. 2017; 

Romero-Lankao et al. 2017). Amidst the already existing shortfalls in meeting WEF resource 

demands (as detailed by Stephan et al. 2018), the World Economic Forum has for long 

underlined that food crisis, energy shocks and water scarcity are projected to be some of the 

major risks to contemporary world (WEF 2018). These concerns become even more serious as 

WEF sectors are closely linked in form of a nexus (eg. both water and energy essential for food 

production), and the demands for all of them are set to increase (Mohtar and Daher 2012). The 

notion of WEF nexus thinking has existed for a long time. However, it was officially 

recognized only after the Bonn 2011 Nexus Conference (Hoff 2011). WEF nexus has also 

gained increasing importance for policymakers in relation to the Post-2015 development 

agenda (Bizikova et al. 2013; Biggs et al. 2015; Jones et al. 2017). Today, it is widely 

recognized that failing to recognize the cross-sectoral interdependencies of WEF sectors will 

lead to unintended consequences to the overall system. As such, WEF nexus thinking has 

become a pre-requisite for enhancing resource efficiency and achieving sustainable 

development at transboundary scale (Schlör et al. 2018; Djehdian et al. 2019). Particularly for 

large developing countries like India with high population density, the WEF nexus thinking is 

increasingly important, as they are highly water stressed (Pandey 2019). 

To date, considerable scientific advances have been made in WEF nexus research. Various 

research frameworks, models and multi-disciplinary approaches have been established for 

analyzing WEF systems (Bizikova et al. 2013; Mohtar and Lawford 2016). However, their 

applicability at policy and governance levels continues to be restrained as most of the existing 

frameworks do not incorporate spatial and temporal scales (Endo et al. 2015). The 

transboundary WEF resource linkages are seldom considered in development planning, as 

majority of the policy decisions concerning the WEF sectors are made by separate institutions, 

with a sectoral approach (Pittock et al. 2013; Leck et al. 2015). A genuine need for spatially 

visualizing the WEF linkages has been realized, in addition to producing grounded evidence 

for policy making at local level. 
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2.3 Knowledge-based approach for development planning 

‘Knowledge’ has wide-ranging definitions, but it is commonly related to a fluid mix of 

framed experiences, values, contextual information (Liyanage et al. 2009). The importance of 

a knowledge-based approach for development planning has been recognized for a long time 

(Knight 1995). Emphasizing on using knowledge as a strategic resource, recent studies (eg. 

Yigitcanlar 2010a) have stressed for a knowledge-based development approach to cities and 

regions. The knowledge-based development approach mainly builds on knowledge (technical, 

financial, market etc.) as the central structuring element for developing urban areas and wider 

regions (Yigitcanlar 2010b; Lonnqvist et al. 2014). Although the key purpose of knowledge-

based development are economic prosperity and human development (Laszlo and Laszlo 2007), 

it also focuses on environmental and social aspects for sustainable development of territories 

(Chang et al. 2018). 

Recently, there have been several emerging perspectives for knowledge management 

ranging from knowledge-based economy to knowledge-based societies. Although these 

concepts are not firmly defined yet, the ‘knowledge-based’ attribute mainly aims to prioritize 

the intangible values or intellectual assets, rather than material and monetary (tangible) assets 

(Carrillo 2015). While information technology forms the basis of knowledge management, 

knowledge-based approach gives particular attention to local, historical, and ecological values, 

that affect the quality of life in cities and regions (Knight 1995). Various theoretical 

frameworks have recently been discussed for the application of knowledge-based approach to 

specific areas like disaster management (eg. Arain 2015) and urban development (eg. 

Yigitcanlar and Lönnqvist 2013). Through these studies, the wide-ranging importance of 

knowledge-based frameworks  in terms of facilitating well-informed decisions, risk assessment, 

swift disaster response, improved coordination etc. have been recognized. Building on the 

contextual strengths and values, researchers have emphasized on applying knowledge and 

information into all research and development activities at local level. 

 

3. CASE STUDY AREA OF NAGPUR METROPOLITAN AREA (NMA), INDIA 

 

Nagpur, often called the heart of India, is at the geographical center of the country (location 

map shown in Figure 1). The strategic central location and good connectivity from all parts of 

the country enables it to be the logistical hub of India. It lies on the Deccan plateau at an altitude 

of 310 meters above sea level. Spread over 217 square kilometers area (sq.km.), Nagpur is the 

third largest city and the winter capital of the Indian state of Maharashtra. It is also a major 

commercial and political center of the Vidarbha region of Maharashtra. Nagpur Metropolitan 

Area (NMA), that includes 721 villages and 24 Census towns, is spread across an area of 3,567 

sq.km. (NMC 2011; NIT 2015). As per Census 2011, the population of Nagpur city is 2.405 

million and the population of NMA is 1.037 million (predominantly rural). Within the 

boundary of NMA, Nagpur Smart City and Wadoda ‘Rurban’ Cluster are presently been 
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developed under two different missions of Government of India, as also explained in Section 

1. The following sub-sections discuss about their actions plans, key strengths and shortcomings. 

 

 3.1 Nagpur Smart City 

Nagpur is presently been developed as one of the 100 smart cities under the ‘Smart Cities 

Mission’ launched by Government of India in 2015 (SCM 2015). Under the SCM, Nagpur city 

aims to transform itself into a well-planned, Eco-friendly, Edu-city that Electronically connects 

governments, businesses, people and spaces seamlessly to co-create a clean, green, safe, 

prosperous, healthy and Inclusive ecosystem. As per its action plan (smart city proposal), 

‘Area-based interventions’ are proposed in 951 acres (3.84 sq.km.) of land on the eastern border 

of Nagpur city wherein retrofitting will be undertaken through the town planning scheme to 

deliver smart physical and social infrastructure and introduce mixed-use allocations to increase 

commercial and economic activity. In addition to that, the ‘Pan-city initiatives’ under SCM 

include solid waste management and transportation monitoring through CCTV-monitored 

central command system (Nagpur SCP 2016). 

 

 

Figure 1.  Location map of Nagpur Smart City and Wadoda Rurban Cluster in NMA (Author) 

 

 

3.2 Wadoda Rurban Cluster 

After a rigorous screening process, Wadoda Cluster from Nagpur district has been selected 

as one of the 300 Rurban Clusters being developed across India, under the ‘National Rurban 
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mission’ (NRuM) launched by Government of India in 2016 (NRuM 2016). Under this mission, 

a Rurban cluster is defined as a group of geographically contiguous villages. Based on 14 

desirable components (shown in Table 1), NRuM aims to promote local economic development, 

enhance basic services and create well planned clusters.  

Wadoda ‘Rurban’ cluster comprises of a total of 31 villages falling under 19 Gram 

Panchayats (village councils) and having a total population of 38,679. In lines to the objectives 

set by NRuM, the vision of Wadoda cluster is to retain the dominant agrarian culture besides 

borrowing urban features such as water supply, drainage, sanitation, and better road network. 

Accordingly, the cluster is being developed for agro-tourism, agro-service and processing, e-

cluster and digital cluster, along with striving to fulfill 100 percent requirement of water supply, 

sanitation, road-drainage, and solid waste management (Wadoda ICAP 2017). 

 

Table 1.  Key components in action plans of Nagpur Smart City and Wadoda Rurban Cluster  

(Source: Nagpur SCP 2016; Wadoda ICAP 2017) 

Nagpur Smart City Wadoda Rurban Cluster 

1. Carbon Neutral & Sustainable Habitat 1. Skill Development training 

2. Swachh Nagpur 2. Agri-services and Processing  

3. Urban Greens 3. Digital Literacy  

4. Inclusive Living  4. 24x7 Piped Water Supply  

5. Poly-centric City  5. Sanitation  

6. Safe & Walkable Streets  6. Waste Management  

7. Economic Vitality  7. Access to Village Streets 

8. Transit Oriented Development  8. Village Street Lights 

9. Connect Places & Move People  9. Health  

10. Walk-to-Work principles  10. Up gradation of schools  

11. Digital & Transparent Governance 11. Inter village Road connectivity  

12. Boost job creation  12. Citizen Service Centres  

13. Public transport  

14. LPG Gas Connections 

 

Table 1 highlights the key components specified in the action plans of Nagpur Smart City 

and Wadoda Rurban cluster. While Nagpur smart city is focusing on socio-economic wellbeing 

and good governance through components of ‘Smart Environment’, ‘Smart Living’, ‘Smart 

Mobility’ and ‘Smart Governance’, the Wadoda Rurban cluster is imprecisely building on 

similar components for stimulating local economic development and bettering public services. 

Notably, both the smart developments are focused on place-based goals and there is no 
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significant consideration to transboundary urban-rural linkages like water and food supply etc. 

It is also important to note that both the discrete developments are emphasizing on 

uninterrupted water and energy supply, however, their focus is more on localized infrastructure 

development rather than transboundary source conservation.   

 

4. RESEARCH METHODOLOGY 

 

Based on literature review, this study works towards developing a knowledge-based 

conceptual framework for understanding the flow of water resources within NMA from a WEF 

nexus perspective. To achieve that, the authors first establish a simplistic understanding of the 

complex flow of WEF resources between urban and rural areas in NMA. The key agencies 

managing the flow of WEF resources are also underlined to establish a thorough understanding 

of governance structures. The linear flow of these resources within NMA is understood based 

on existing literature, policy documents and media reports. Thereafter, for understanding the 

overall flow of water resources in NMA from a wider historical perspective, the authors studied 

the Performance Evaluation Study report of Pench Irrigation Project (key freshwater source of 

NMA) by Central Water Commission (CWC 2001). This report is an official document, which 

the authors collected from the office of Pench Irrigation Project at the State Irrigation 

Department in Nagpur. Based on this study, the authors discussed the key source areas for 

Nagpur city, key dependent sectors (including urban, industrial and agriculture), and the 

wastewater generated from the Nagpur city. With a precise understanding of the flow of water 

resources for WEF related sectors in NMA, the knowledge-based conceptual framework is 

developed in consideration to the cross-sectoral linkages between these sectors. Supported with 

relevant statistical information derived from the policy documents, the framework also explains 

the overall flow of water resources (both freshwater and wastewater) in NMA, in reference to 

Nagpur Smart City and Wadoda Rurban cluster. Based on the key findings derived from the 

developed framework, feasible measures are then suggested to link the upcoming smart urban-

rural developments in NMA. 

 

5. WATER-ENERGY-FOOD RESOURCE SUPPLY IN NMA 

 

5.1 Water Supply 

Water demands within NMA are met through surface and groundwater sources. While water 

for urban areas is mainly sourced from surface water sources like lakes, rivers and reservoirs, 

the rural areas are mainly dependent on groundwater sources. Pench reservoir located in 

Northern part of NMA (highlighted in Figure 2) is the main source of drinking water for Nagpur 

city as it caters to more than 70 percent of city’s water demands. Through canal and pipeline 

network, water from Pench reservoir is brought to the treatment plants located at Gorewada 

and the treated water is then supplied to the residents of Nagpur city. The city’s water supply 

is currently managed by Nagpur Municipal Corporation ‘NMC’ in collaboration with a private 
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agency named Orange City Water Pvt. Ltd. under a ‘Public Private Partnership’ (PPP) 

agreement. For the rural areas, the water supply is managed by multiple agencies including 

Zilla Parishad, the Maharashtra Jeevan Pradhikaran and the Groundwater Survey and 

Development Agency (NMC 2011; NIT 2015). 

 

 

Figure 2.  Google earth imagery of NMA (raster image sourced from USGS (2019)) Pench command 

area only within NMA boundary is shown, but it also extends outside NMA 

 

As per MPCB (2019), the city presently generates around 505 Million Litres/Day ‘MLD’ 

wastewater, of which around 130 MLD is being treated at Bhandewadi sewage treatment plant 

(Roy 2018). In lines with the joint agreement between NMC and Maharashtra State Power 

Generation Co. Ltd. ‘MAHAGENCO’, the treated wastewater is supplied to the Koradi 

Thermal Power Station ‘TPS’ for reuse. The residual untreated wastewater is directly released 

in the natural drains which pollutes the streams and rivers (mainly Nag river) flowing through 

the city towards downstream areas through Wadoda Rurban Cluster. 

 

5.2 Energy Supply 

Nagpur region has a very prominent power sector as two important TPSs namely Koradi and 

Khaparkheda TPS (having total capacity of 3,740 Megawatt) are located near Nagpur city 
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(location highlighted in Figure 2) and operated by MAHAGENCO (Roy 2019). Although, the 

region is connected through the National Grid, it is important to note that Nagpur region 

contributes to around 47 percent of the Maharashtra state’s power (UrbanEmissions.info 2019). 

Generation, transmission and distribution of electricity is divided between three agencies 

namely Maharashtra State Electricity Distribution Co. Ltd. ‘MSEDCL’ for power distribution, 

MAHAGENCO for power generation and Maharashtra State Electricity Transmission Co. Ltd. 

‘MAHATRANSCO’, for power transmission (NIT 2015). 

 

5.3 Food supply 

NMA is predominantly an agricultural area. Around 71 percent of total geographical area of 

Nagpur is cultivable and crops are grown on 79 percent area of total cultivable area (NIT 2015). 

A bulk of these agricultural lands, as highlighted in Figure 2, fall under the command area of 

Pench Irrigation Project. Although there is no established database of the food source areas in 

NMA, much of Nagpur city’s food demand is met through the food grown in surrounding 

villages including those in Wadoda Rurban cluster (Kulkarni 2019). The food produced in these 

villages is mainly brought to the Kalamna wholesale market in Nagpur city by farmers, traders, 

agents etc. wherein it is taxed before been sold to the retail traders. The food supply in Kalamna 

market yard is managed by the Agricultural Produce and Marketing Committee ‘APMC’, a 

marketing board established by the state government (APMC 2019). 

 

6. KNOWLEDGE-BASED CONCEPTUAL FRAMEWORK 

 

In reference to Yigitcanlar and Lönnqvist (2013), a knowledge-based conceptual framework 

has been developed for the case of NMA that recognizes the cross-sectoral interdependencies 

between urban and rural areas, particularly for the networks of freshwater and wastewater 

resource for WEF sectors (Figure 3). It has been developed with a precise understanding of the 

spatial settings related to the key water sources, human settlements, and the wastewater flow. 

Deriving information from key policy documents, the framework also highlights the relevant 

statistical information related to storage capacities of reservoirs and allocated quantities of 

water for different purposes. 
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Figure 3.  Knowledge-based Conceptual framework of water resource flow in NMA 

 

As explained in Figure 3, Nagpur city presently receives bulk of its water supply from three 

key surface water resources namely Pench reservoir, Gorewada lake and Kanhan Intake wells 

(statistical data sourced from NIT 2015). Among these sources, the key freshwater source of  

‘Pench reservoir’ is one of the three reservoirs under the Pench Irrigation Project ‘PIP’ (other 

two are Totladoah and Khindsi). As per the water allocation planning for the PIP (CWC 2001), 

it serves for several other purposes including energy production (for Koradi and Khaperkheda 

TPSs) and irrigation in around 104476 hectares of fertile land in North-Eastern apart of NMA 

(MWRRA 2017), including all the villages in Wadoda Rurban cluster. In this manner, the PIP 

serves as a one key water source for urban domestic needs, agriculture and industries (TPSs) 

in NMA context. 

Further to that, the treated wastewater from the city is also supplied to the TPSs for reuse in 

energy production. And, the untreated wastewater generated from the city flows through 

natural streams (Nag river) towards the downstream rural areas, where it serves for irrigation 

purposes (Mudholkar 2018). Since the supply of fresh food in Nagpur city considerably 

depends on the food grown in surrounding rural areas, the degrading water quality in these 

natural streams may also raise nexus-based concern for food quality in the city and the wider 

region. Moreover, the readers should note that this framework only provides a precise 

understanding of the water resource flow network. However, there are several other 

intermediary phases involved in the flow of these resources between urban and rural areas (like 

water treatment plants), that are discretely managed at various governance levels. 
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7. DISCUSSION 

 

The developed knowledge-based conceptual framework, from the lens of water resource 

flow, helps in visualizing the nexus-based interdependencies between the WEF sectors in NMA. 

While PIP serves as a key water source for various purposes in NMA, it is important to 

understand that the project itself receives water from the upstream areas in the neighboring 

state of Madhya Pradesh. It is therefore highly important to address the WEF nexus issues in 

Nagpur at a transboundary scale. Specifically, because Nagpur has recently witnessed high 

climate variations in form of extreme cold, heatwaves and fluctuating rainfall patterns (Behl 

2019). It has also experienced severe water stress situation due to the declining surface and 

groundwater availability (Dhyani et al. 2018; Deshkar 2019).  As such, regional level planning 

exercises in reference to the developed knowledge-based framework will be critical to ensure 

sustainable development. While ‘SCM’ and ‘NRuM’ are meant to build ideal models that can 

be replicated widely for catalyzing the creation of similar smart urban-rural developments in 

various parts of India, the adjacent development of Smart city and Rurban cluster in NMA 

provides a genuine opportunity to infuse the idea of coordinated urban-rural development. 

Although, there is no single definition of smart developments, the study emphasizes that 

safeguarding the flow of key resources like water, energy, food etc. between urban and rural 

areas should be given due importance in the wake of emerging disaster risks like COVID-19. 

The cutting edge ICT features of smart developments in urban and rural areas should be duly 

utilized to develop smart urban-rural linkages in Nagpur region. To achieve that, the study 

suggests three specific focal points as follows. 

 

7.1 Enhancing data collection at urban-rural interface 

Smart developments build on ICT features and knowledge management. As such, data 

collection and management will play an important role in making any city or village smart. 

Based on the developed knowledge-based framework for resource flow in NMA (Figure 3), 

the upcoming smart developments should adopt strategies to enhance data collection at specific 

nodes of mutual concern. As explained through the knowledge-based framework, the flow of 

defined resources between urban and rural areas encompasses several intermediate phases. To 

ensure smart and effective flow of resources from source areas to consumers, there is need for 

improved data collection at different stages of flow across various scales. Table 2 presents few 

of the key focal points for data collection that could be taken into consideration for enhancing 

resource efficiency by the upcoming smart developments in NMA. 

 

7.2 Enhancing sectoral and administrative coordination 

Based on the developed framework (Figure 3), the resource elements of water, energy, and 

food are evident to be closely linked. Against the growing population, rapid urbanization trends 

and changing climate, there is a genuine need for integrated development planning at the urban-

rural interface. While the stock of natural resources is limited, there is a need to find better 
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ways for collective resource management through transboundary cooperation. Presently, there 

are several departments and agencies at various territorial levels that discretely manage the 

flow of WEF resources between urban and rural areas in NMA (also explained in Section 5). 

However, there is a genuine need for enhancing the sectoral and administration coordination 

to ensure knowledge sharing for the success of smart developments. Partnerships and 

coordination between concerned departments can facilitate timely and informed decision 

making at the regional level. 

 

Table 2. Potential areas of data collection to enhance coordinated urban-rural development 

Sector Exploratory research questions 

 

Food 

What are the key source areas of food (fruits, vegetables etc.) for Nagpur city? 

What are the consumer preferences for food products? What type of food products 

are grown in Wadoda Rurban cluster? 

 

Energy 

What is the overall energy demand for food production and water supply? 

What are the negative implications of energy waste (fly ash etc.) on groundwater 

resources and food production? 

 

Water 

What are the key water-related risks (floods, drought etc.) in Wadoda Cluster? 

What is the impact of Nagpur city’s untreated wastewater flowing through Nag 

river on food production in Wadoda cluster? 

 

7.3 Need for urban-rural collaboration and partnerships 

In contrast to the dichotomous development planning of upcoming smart developments, 

there is a need for holistic and territorial-based approaches to leverage their interlinkages and 

promote policy coherence. While the smart developments in NMA are currently being built 

with focus on specific dimensions like ‘Smart Mobility’, ‘Smart Environment’, ‘Smart People’ 

etc., it is also important to consider the other mutually important components like ‘Food 

Supply’, ‘Wastewater Management’ and ‘Integrated Governance’. The importance of 

continued food supply chains and integrated governance at regional level, has also been 

globally recognized under the ongoing COVID-19 pandemic outbreak (gFSC 2020). Focus on 

these aspects will also encourage urban-rural collaboration and partnerships between different 

stakeholders at various governance levels, in lines with the objectives of Sendai Framework 

for Disaster Risk Reduction 2015-2030 (UNDRR 2015). 
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8. CONCLUSIONS 

 

This study presents a knowledge-based conceptual framework that visualizes the flow of 

water resources in Nagpur region, from WEF nexus perspective. It has been highlighted that 

the resource flow between urban and rural areas encompasses a wide range of actors, across 

different sectors and administrative scales. While urban and rural areas in NMA are discretely 

governed, the study emphasizes on developing integrated platforms for natural resource 

management at regional level. This is in lines with the global policy frameworks of SDGs, The 

New Urban Agenda and SFDRR, that have emphasized on transboundary cooperation and 

multi-sectoral approaches to resource management. It is therefore hoped that this study will 

build the awareness of policy makers and assist for evidence-based policymaking in Nagpur 

region. It will also serve as an important basis for  the integrated development planning of 

Smart Cities and Rurban clusters in India. While the concept of WEF nexus has recently gained 

increasing attention in policy making, this study would help to visualize the WEF linkages 

between urban and rural areas at regional scale. It will also provide a new perspective to 

researchers, academicians, policy makers etc. in context of urban-rural coordinated 

development. Moreover, the research contributes to linking the existing body of literature on 

urban-rural linkages, smart developments and WEF nexus.  

The authors acknowledge three specific limitations to this research as follows, 1) The 

knowledge-based conceptual framework developed in this study only considered the linear 

flow of freshwater into Nagpur city and the wastewater outflows. However, further research 

needs to be conducted in consideration to groundwater utilization as well as other surface water 

sources (like lakes, ponds) within NMA; 2) The developed knowledge-based framework also 

poses limitations in precisely understanding the nexus-based linkages between the components 

of water, energy and food systems, which are mutually exclusive and yet interdependent. There 

is a need for further investigating and cross-validating these linkages by applying more 

scientific approaches, in consideration to other urban-rural linkage components like flow of 

goods, people etc.; 3) The developed framework is case specific and it may not be applicable 

in other contexts. The future scope of the study includes addressing these limitations as well as 

focusing on other ways of connecting smart urban and rural developments. 
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