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wealth distribution and fiscal stagnation to labor market volatility and systemic failures 
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mechanism, converting localized data into actionable legislative frameworks. The 

journal aggregates cross-disciplinary intelligence from economists, civic stakeholders, 

and industry practitioners. This synthesis produces scholarship engineered for 

immediate implementation. 

Institutional inertia often thrives on a deficit of reliable, context-specific metrics. By 

anchoring public discourse in rigorous methodology, the publication demands a shift 

toward evidence-backed governance. It supplies policymakers with the precise 

theoretical and empirical tools required to navigate complex socioeconomic realities. 
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Artificial Intelligence and the Polarizations of Cognitive Work: 
Evidence from South India's IT and Service Sectors 

 

Senior Professor B. Sudhakar Reddy 
Director, ICSSR-SRC & 

Dean, Faculty of Social Sciences 
Osmania University, Hyderabad 

Abstract 
 
The spread of artificial intelligence—particularly the post-2022 boom in generative 

AI—is fundamentally altering the labor market. We examine exactly how this shift 

impacts wages, job availability, and required skills across South India's IT, ITeS, and 

business services sectors. This region currently holds the developing world's largest 

concentration of cognitive service jobs. Using the task-based framework developed by 

Acemoglu and Restrepo (2019, 2024), our model treats AI as capital that absorbs 

specific cognitive tasks. This creates a tension between job displacement and 

reinstatement. Ultimately, the net impact of these opposing forces diverges 

significantly depending on where a worker sits on the skill ladder. To evaluate this, we 

constructed a region occupation×year panel covering India's five southern states. The 

dataset merges microdata from the Periodic Labour Force Survey (PLFS) with an 

occupational AI-exposure index adapted from Felten, Raj, and Seamans (2021) as well 

as Eloundou et al. (2024). Our identification strategy relies on two main approaches. 

First, we use a shift-share (Bartik) instrument to separate local, exogenous AI intensity 

from broader national shocks. This relies on interactions with pre-period occupational 

setups (Borusyak, Hull, and Jaravel 2022; Adão, Kolesár, and Morales 2019). Second, 

we implement a staggered difference-in-differences design using the Callaway and 

Sant’Anna (2021) group-time estimator. Unlike conventional two-way fixed-effects 

models, this approach corrects for the biases introduced by heterogeneous and 

dynamic treatment effects (Goodman-Bacon, 2021; de Chaisemartin & 

D’Haultfœuille, 2020). Initial findings point toward severe labor polarization. Heavy 

AI adoption actively pushes out workers in routine, entry-level jobs. Conversely, it 

augments high-skill, non-routine cognitive positions, driving sudden within-

occupation upskilling alongside wider wage gaps. Finally, we explore what these shifts 

mean for reskilling policies, the current drop in entry-level hiring, and the broader 

viability of a labor-surplus development model. 

Keywords: artificial intelligence; task-based framework; skill polarization; 

employment dynamics; India; IT services; difference-in-differences; shift-share 

instruments. 

JEL codes: J23, J24, O33, J31, O14, C23. 
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1. Introduction 

Artificial intelligence spreads differently than past automation waves. This distinction 

matters immensely for developing economies. Previous eras of industrial robotics and 

numerically controlled machinery primarily pushed out manual, routine labor. AI, 

however, directly targets cognitive, white-collar work. This is particularly true for the 

large language models widely adopted since late 2022 (Webb, 2020; Eloundou et al., 

2024). For decades following economic liberalization, India successfully transformed 

a massive, English-educated, cognitively skilled workforce into a global services 

powerhouse. Today, sectors spanning IT, IT-enabled services, and business-process 

outsourcing employ roughly five million people. They also drive a massive portion of 

national exports. The southern technology corridor—anchored by Bengaluru, 

Hyderabad, and Chennai, alongside secondary hubs in Kerala, coastal Andhra 

Pradesh, inland Tamil Nadu, and Karnataka—houses the vast majority of these 

workers. If AI effectively automates the exact codifiable cognitive tasks that built this 

regional economy, we face a primary development problem. Does this technology 

hollow out the entry-level positions that historically absorbed new graduates? Or does 

it reinstate human labor into higher-value tasks fast enough to maintain the sector as 

a vehicle for upward mobility? 

The present study provides a comprehensive framework and research design to answer 

this exact question for South India, implementing it from end to end. Our approach 

relies on three distinct elements. First, we root our empirical work in the task-based 

model established by Acemoglu and Restrepo (2019, 2022). This frames the net 

employment impact of AI as a direct competition between displacement (capital 

replacing human labor in newly automatable tasks) and reinstatement (creating new, 

labor-intensive tasks), all moderated by shifts in productivity. This model generates 

highly specific, testable predictions regarding who wins and loses across the skill 

distribution, which we formalize into three core hypotheses. Second, we tackle the 

main identification problem: AI adoption does not happen randomly. Firms, 

occupations, and cities adopt at varying rates. We address this using two strategies 

common in modern applied economics but rarely paired in an Indian context. We 

combine a shift-share instrument (Adão, Kolesár, and Morales 2019; Goldsmith-

Pinkham, Sorkin, and Swift 2020; Borusyak, Hull, and Jaravel 2022) with a staggered, 

heterogeneity-robust difference-in-differences estimator (Callaway & Sant’Anna, 

2021; Sun & Abraham, 2021). Third, we quantify exposure at the specific task level. 

We cross-walk an established AI-occupational-exposure index (Felten, Raj, and 

Seamans 2021; Eloundou et al., 2024) directly onto India’s National Classification of 

Occupations. 

The existing literature on AI and Indian IT employment is largely descriptive. Against 

that backdrop, this research makes three specific contributions. First, we introduce a 

credible causal design to a topic heavily dominated by corporate announcements and 

basic industry forecasts. Pairing a shift-share instrument with the Callaway and 

Sant’Anna (2021) estimator directly handles both adoption endogeneity and the well-
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known biases of two-way fixed-effects estimators during staggered, heterogeneous 

rollouts (Goodman-Bacon, 2021). We also map the distributional effects of AI within 

one specific sector. By estimating outcomes across the wage distribution via quantile 

regression and parsing four distinct skill tiers, we can cleanly separate job polarization 

from uniform shifts in employment levels. Finally, these estimates connect directly to 

active policy discussions. Current debates surrounding the sharp decline in fresh 

graduate hiring, government-led reskilling initiatives, and the long-term viability of a 

labor-surplus growth model in the AI era all require this kind of empirical grounding. 

Our current calibrated simulation yields illustrative findings suggesting that AI-

intensive adoption cuts employment in routine, highly exposed entry-level roles by 

roughly two percent. Meanwhile, it boosts both wages and employment for non-

routine expert roles, leaving mid-level positions largely untouched. A naive two-way 

fixed-effects estimator actually obscures this dynamic, suggesting a minimal average 

effect. In contrast, the Callaway and Sant’Anna (2021) aggregation uncovers a starker 

negative average impact. This aligns with the expected negative weighting of late-

treated, heavily displaced cohorts typical in two-way models. High-skill roles make up 

an increasing share of surviving occupations, pointing to systemic task upgrading 

rather than simple level adjustments. These numbers remain illustrative placeholders 

until we run the final estimation on the complete PLFS–exposure panel. The primary 

contribution of this draft lies in establishing the framework, design, and reproducible 

data pipeline.  

The remainder of the paper proceeds as follows. Section 2 details the South Indian 

services economy and maps the timeline of local AI adoption. Section 3 sets out the 

task-based framework alongside our hypotheses. Section 4 covers data sources and 

exposure measure construction. Section 5 details the empirical strategy. Sections 6 

through 8 report the main results, robustness checks, and underlying mechanisms, 

respectively. Section 9 explores policy implications before Section 10 concludes. 

2. Context: AI Diffusion Across the South Indian Services Economy 

India relies heavily on five southern states to sustain its services-export model. Both 

government and industry sources note that the vast majority of domestic AI-related 

job openings are clustered along the southern corridor. Bengaluru and Hyderabad 

alone represent roughly 20 percent of national AI vacancies, while Chennai holds 

another substantial share (World Bank 2025; NASSCOM 2025). According to 

Karnataka’s state workforce study, the local technology sector employs over a million 

professionals. The government views AI as both the region's greatest comparative 

advantage and its most severe labor-market threat (Government of Karnataka, 

Department of Electronics, IT, BT 2025). 

Our research design stems directly from two specific traits of this adoption process. 

First, AI integration is heavily staggered. Global capability centers and domestic firms 

deployed these tools on vastly different timelines, with a massive acceleration 
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following the late-2022 explosion of generative models. Second, the adoption is highly 

selective. It clusters intensely around codifiable, highly exposed functions. Roles like 

data entry, first-tier customer support, manual software testing, and routine back-

office reconciliation are automating rapidly. At the same time, demand for data 

scientists, AI engineers, and analytics talent is surging (Deloitte India and NASSCOM 

2024; NASSCOM 2025). These same industry reports show large IT firms actively 

shrinking their total headcounts and slashing entry-level fresher hiring, even as they 

face desperate shortages for AI-skilled talent. This perfectly mirrors the polarizing 

effects predicted by our task-based framework. Because adoption intensity and timing 

correlate so strongly with task exposure, simply comparing high-AI and low-AI groups 

will fail. Naive comparisons confuse the true causal impact of AI with the tendency for 

highly automatable tasks to be automated early. Our instrumental variable and 

overarching design exist specifically to bypass this endogeneity. 

3. Conceptual Framework and Hypotheses 

3.1. A task-based model of AI in cognitive services 

We adapt the task-based framework of Acemoglu and Restrepo (2019, 2022) to a 

services setting in which the automatable margin is cognitive rather than manual. 

Output in a local production unit (a city×occupation cell) results from a continuum of 

tasks. 𝑥 ∈ [𝑁 − 1, 𝑁], combined with constant elasticity 𝜎: 

𝑌 = (∫ 𝑦
𝑁

𝑁−1

(𝑥)
𝜎−1

𝜎  𝑑𝑥)

𝜎
𝜎−1

. 

Each task is produced by labour or by AI-capital, 

𝑦(𝑥) = {
𝛾𝐾(𝑥) 𝑘(𝑥) if 𝑥 ∈ [𝑁 − 1, 𝐼] (automated)

𝛾𝐿(𝑥) ℓ(𝑥) if 𝑥 ∈ (𝐼, 𝑁] (performed by labour),
 

where 𝐼 indexes the AI automation frontier: tasks below 𝐼 can be performed by AI-

capital with productivity 𝛾𝐾 (𝑥), those above 𝐼 by labour with productivity 𝛾𝐿(𝑥). AI 

adoption advances the frontier (𝐼 ↑); the introduction of new, more complex tasks 

raises the upper bound (𝑁 ↑). Let 𝑊 denote the wage and 𝑅 the (rental) cost of AI-

capital. Cost minimization implies a threshold task. 𝐼∗ at which firms are indifferent 

between labour and AI; tasks become automated when AI is sufficiently cheap relative 

to its productivity-adjusted labour cost, 𝑅/𝛾𝐾(𝑥) ≤ 𝑊/𝛾𝐿(𝑥). 
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Totally differentiating labour demand with respect to the frontier yields the 

framework’s central decomposition. An advance of 𝐼 exerts: 

∂ln𝐿𝑑

∂𝐼
⏟

net effect

= − 𝛿(𝐼)
⏟

displacement (<0)

 +   𝜌(𝐼) 
∂ln𝑌

∂𝐼
⏟

productivity (>0)

  +  
∂ln𝐿𝑑

∂𝑁
 
𝑑𝑁

𝑑𝐼
⏟

reinstatement (≷0)

. 

The displacement effect is the mechanical loss of labour demand in newly automated 

tasks. The productivity effect is positive: cost savings expand output and hence 

demand for labour in non-automated tasks, scaled by the labour share and the 

magnitude of the cost savings. The reinstatement effect operates if the creation of new 

labour-intensive tasks accompanies AI adoption. The net sign of the decomposition 

above is therefore an empirical question, and—crucially—it depends on where in the 

skill distribution a worker sits, because the productivity of AI is highest for codifiable, 

routine cognitive tasks and lowest for non-routine, judgement-intensive ones (Autor, 

Levy, and Murnane 2003; Autor & Dorn, 2013).ighest for codifiable, routine cognitive 

tasks and lowest for non-routine, judgment-intensive ones (Autor, Levy, and Murnane 

2003; Autor & Dorn, 2013). 

Artificial intelligence does not mirror past automation waves. For developing 

economies, this distinction matters immensely. Previous shifts—like industrial 

robotics and numerically controlled machines—primarily targeted manual labor. In 

contrast, AI directly encroaches on cognitive, white-collar work. This is particularly 

true of the large language models that gained sudden traction late in 2022 (Webb, 

2020; Eloundou et al., 2024). 

Throughout much of the post-liberalization era, India successfully leveraged a 

massive, English-fluent, cognitively skilled workforce to build a globally dominant 

services sector. Today, IT, IT-enabled services (ITeS), and business-process 

outsourcing employ roughly five million people, forming a massive pillar of India’s 

export economy. Geographically, this boom remains heavily concentrated in the 

southern technology corridor. Bengaluru, Hyderabad, and Chennai lead the charge, 

supported by secondary hubs across Kerala, coastal Andhra Pradesh, inland Tamil 

Nadu, and Karnataka. Because AI naturally targets the exact codifiable tasks that built 

this regional powerhouse, it forces a critical developmental question. Will this 

technology erode the entry-level positions that traditionally absorbed incoming 

Volume 1, Issue 1 (Inaugural & Special Issue), July-September 2026



SOUTH INDIA JOUR s://sea.net.in 

        

  

PUBLISHED BY SOUTHERN ECONOMIC ASSOCIATION (SEA) 6 

 

graduate cohorts? Or will it generate new, higher-value tasks fast enough to keep the 

IT sector functioning as a primary vehicle for upward mobility? 

 

To address this, we developed and implemented a comprehensive research framework 

focused on South India. Our methodology stands apart through several distinct 

choices. First, we anchor our empirical work in the task-based model developed by 

Acemoglu and Restrepo (2019, 2022). This allows us to frame AI's net employment 

impact as a direct contest between displacement (capital taking over newly automated 

tasks) and reinstatement (the generation of new labor-intensive requirements). A core 

productivity effect mediates this balance, yielding specific, testable predictions about 

winners and losers across the skill spectrum. 

We also tackle the persistent identification problem—specifically, the reality that AI 

adoption is never randomly assigned across firms, occupations, or cities. To isolate 

causal impacts, we combine a shift-share instrument (Goldsmith-Pinkham et al., 

2020; Borusyak et al., 2022; Adão et al., 2019) with a staggered, heterogeneity-robust 

difference-in-differences estimator (Callaway & Sant’Anna, 2021; Sun & Abraham, 

2021). While both strategies are standard in modern applied microeconomics, 

blending them remains rare in research focused on India. Finally, we map task-level 

exposure by adapting existing AI-occupational indices (Felten et al., 2021; Eloundou 

et al., 2024) to fit India’s National Classification of Occupations (NCO). 

While existing literature largely relies on descriptive trends and firm announcements 

to gauge AI's threat to Indian IT jobs, we offer a rigorous causal design. Using the 

Callaway and Sant’Anna estimator alongside a shift-share approach solves both 

adoption endogeneity and the severe biases common in standard two-way fixed-effects 

models under staggered rollout (Goodman-Bacon, 2021). Beyond average impacts, we 

map the distributional shock across the wage curve. By evaluating impacts across four 

specific skill tiers using quantile regression, we can explicitly separate labor 

polarization from uniform employment drops. Ultimately, these estimates feed 

directly into ongoing policy discussions regarding slowing graduate recruitment, state-

level reskilling initiatives, and the long-term viability of a labor-surplus economic 

model. 

Current working estimates rely on a calibrated simulation designed to mirror our 

target data's structure. Preliminary results suggest that AI-intensive adoption shrinks 

employment in highly exposed, routine entry-level roles by approximately two 

percent. Simultaneously, we observe wage and employment growth in expert, non-

routine positions. The middle tiers remain largely insulated. Interestingly, naive two-

way fixed-effects estimators entirely obscure this polarization, returning only a muted 

average effect. Applying the Callaway and Sant’Anna aggregation, however, reveals a 

distinctly negative overall trend. This aligns with the expected negative weighting of 

late-treated, highly displaced worker cohorts. Crucially, among occupations that 
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survive the AI transition, the concentration of high-skill labor rises. This points to 

fundamental task upgrading rather than simple job destruction. The current draft 

establishes the econometric design and reproducible pipeline; final magnitudes await 

estimation on the actual PLFS-exposure panel. 

 

The remainder of the paper proceeds as follows. Section 2 contextualizes South India's 

services economy and AI diffusion timelines. Section 3 formalizes the task-based 

model and resulting hypotheses, followed by data construction details in Section 4. We 

detail the empirical strategy in Section 5 and present results in Section 6. Sections 7 

and 8 cover robustness checks and underlying mechanisms, respectively. Section 9 

explores policy implications before Section 10 concludes. 

2. Context: AI Diffusion in South India’s Services Economy 

India’s services-export engine relies disproportionately on its five southern states. 

According to industry tracking, the vast majority of AI-related job openings in India 

cluster heavily in this southern corridor. Bengaluru and Hyderabad alone represent 

about twenty percent of national AI postings, with Chennai holding another 

substantial share (World Bank, 2025; NASSCOM, 2025). Highlighting this 

concentration, Karnataka’s state workforce reports estimate a technology labor pool of 

over one million professionals. Local authorities explicitly view AI as a dual-edged 

sword: it is simultaneously the region’s greatest comparative advantage and its most 

severe labor-market threat (Government of Karnataka, 2025). 

3.2 Theoretical Hypotheses 

Empirical evidence consistently shows that AI exposure peaks in mid-skill routine-

cognitive jobs, tapering off at both the manual and highly expert extremes (Felten et 

al., 2021; Eloundou et al., 2024). Combining this reality with our task-based model 

yields three primary hypotheses. 

Hypothesis 1 (Net displacement in high-exposure routine tasks). For occupations 

characterized by intense routine requirements and high AI exposure, the displacement 

effect dominates. Here, we expect AI adoption to aggressively reduce headcount and 

suppress wages. 

Hypothesis 2 (Reinstatement and augmentation at the top). In expert, non-routine 

cognitive roles, AI acts as a complement. Reinstatement and productivity effects 

should outpace displacement, driving up both wages and employment. Together, these 

first two hypotheses predict severe structural polarization within the IT sector. 

Hypothesis 3 (Within-occupation skill upgrading). For occupations that avoid outright 

obsolescence, the integration of AI will likely increase the proportion of high-skill 

employment. As algorithms automate routine sub-tasks, the remaining human 
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requirements will pivot heavily toward non-routine, supervisory, and AI-

complementary functions—driving fundamental skill transformation. 

4. Data Construction and Measurement 

 

Replication note: As noted, current estimations utilize a calibrated, simulated panel 

matching the qualitative dimensions of our target dataset. This validates our 

estimators and constructs the analytical pipeline. For final empirical estimation, our 

primary script simply points to the actual data sources detailed below, holding variable 

architecture constant. Full construction mechanics are available in Appendix A. 

Employment, wages, and skills: Labor-market data comes from unit-level records of 

the Periodic Labour Force Survey (PLFS), administered by India’s National Statistics 

Office (Ministry of Statistics, 2025). We restrict analysis to urban records across the 

five southern states specifically within IT, ITeS, and business services based on 

National Industrial Classification codes. We collapse individual worker records into 

specific city-by-occupation-by-year cells, utilizing three-digit National Classification 

of Occupations (NCO) codes. Each cell captures total employment, real mean monthly 

wages, high-skill concentration, routine-task density, and female labor force 

participation. 

AI exposure: Occupational vulnerability to AI is quantified using a modified version of 

the Felten, Raj, and Seamans (2021) AI Occupational Exposure index, augmented with 

generative AI exposure metrics from Eloundou et al. (2024). Both indices translate 

technical AI capabilities into the specific tasks that make up an occupation. We 

crosswalk the original O*NET-SOC codes directly to the NCO framework, 

standardizing the exposure variable to a zero mean with unit variance. Unsurprisingly, 

this maps highest to clerical and routine cognitive jobs, remaining lowest in roles 

requiring intense expert judgment. 

Adoption timing: We define treatment as the first year a city-occupation cell 

transitions into AI-intensive utilization. This staggered treatment timeline is built by 

rolling up firm-level adoption markers—such as global-capability-center deployments 

and industry indices—to the cell level. Because technology adoption naturally 

correlates with existing exposure risk, it cannot be treated as strictly exogenous. 

Therefore, it functions as the event timeline in our difference-in-differences 

architecture, while we separately instrument localized AI intensity as outlined 

previously. 

Table 1 reports descriptive statistics for the (illustrative) analysis panel. 

Table 1. Descriptive statistics (illustrative simulated panel) 

Variable Mean SD p10 Median p90 
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Employment (000s) 14.32 14.73 2.97 8.04 34.51 

Monthly wage (INR) 165515.71 70609.95 75879.36 161305.97 268076.29 

High-skill share 0.52 0.23 0.18 0.56 0.81 

Routine-task share 0.48 0.25 0.18 0.46 0.85 

Female share 0.43 0.05 0.36 0.43 0.50 

AI exposure (AIOE-

std.) 

0.48 0.92 -0.70 0.50 1.70 

Cells (city×occupation): 162; cell-years: 1458; years: 2017–2025 

Notes: Cells are city × occupation; the panel is annual. Wages are monthly in INR. 

AI exposure is standardized. A calibrated simulation generates illustrative values. 

5. Empirical Strategy 

5.1. Shift-share instrument for local AI intensity 

The realized AI intensity of a cell is endogenous: cities and occupations that adopt AI 

most aggressively differ from those that do not along unobservable dimensions that 

are correlated with employment growth. We isolate exogenous variation with a shift-

share (Bartik) instrument that interacts with natural t shocks. 𝑔𝑘,𝑡 (e.g., AI patenting 

or vacancy growth for the occupation 𝑘, plausibly driven by global technological 

progress rather than local South-Indian labourer with prpiocal shares 𝑠𝑐,𝑘,𝑡0
: 

𝑍𝑐,𝑡   =   ∑ 𝑠𝑐,𝑘,𝑡0

𝑘

 𝑔𝑘,𝑡. 

Identification follows the shares-as-instruments interpretation of Goldsmith-

Pinkham, Sorkin, and Swift (2020) and the shocks-as-instruments interpretation of 

Borusyak, Hull, and Jaravel (2022). Inference accounts for the shift-share structure, 

following Adão, Kolesár, and Morales (2019). The exclusion restriction requires that, 

after conditioning on fixed effects and controls, national AI shocks affect local 

employment only through their interaction with the pre-period occupational mix. We 

estimate the two-stage least-squares system. 

(First stage) 𝐴𝐼̂𝑐,𝑡 = 𝜋 𝑍𝑐,𝑡 + 𝐱𝑐,𝑡′𝛃 + 𝜇𝑐 + 𝜏𝑡 + 𝜈𝑐,𝑡,

(Second stage) ln𝐿𝑐,𝑡 = 𝜃 𝐴𝐼̂𝑐,𝑡 + 𝐱𝑐,𝑡′𝛄 + 𝛼𝑐 + 𝜆𝑡 + 𝜀𝑐,𝑡,
 

clustering standard errors at the city level and reporting the Kleibergen–Paap first-

stage 𝐹. 

5.2. Staggered difference-in-differences 
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To exploit the timing of adoption, we estimate the group-time average treatment effect 

on the treated, 𝐴𝑇𝑇(𝑔, 𝑡), of Callaway and Sant’Anna (2021), comparing the change in 

outcomes for cells first treated in the year 𝑔 to the change for not-yet-treated cells, 

relative to the baseline period 𝑔 − 1: 

𝐴𝑇𝑇(𝑔, 𝑡) = 𝔼[ 𝑌𝑡 − 𝑌𝑔−1 ∣ 𝐺 = 𝑔 ] − 𝔼[ 𝑌𝑡 − 𝑌𝑔−1 ∣ not-yet-treated at 𝑡 ]. 

We aggregate the cap A. cap T cap T open parent, close paren into an overall effect and 

into a dynamic event-study profile open brace cap A. cap T cap T to the e, close brace 

sub e  where e equals t minus g.   It is event time. This estimator is robust to the 

heterogeneous and dynamic treatment effects that contaminate the two-way fixed-

effects (TWFE) estimator under staggered rollout: Goodman-Bacon (2021) shows the 

TWFE coefficient is a variance-weighted average of all possible two-group 

comparisons, including “forbidden” comparisons that use already-treated units as 

controls, with potentially negative weights (Chaisemartin & D’Haultfœuille, 2020; Sun 

& Abraham, 2021). We report the TWFE estimate as a benchmark and the Callaway 

and Sant’Anna (2021) estimate as our preferred specification, with standard errors 

from a city-block cluster bootstrap. We also test for pre-trends using the event-study 

coefficients at 𝑒 < 0. 

5.3. Distributional and heterogeneity analysis 

To distinguish polarization from a uniform shift, we estimate the effect of AI-intensive 

adoption across the wage distribution using quantile regression on fixed-effect-

revisualized wages, and we estimate the DiD separately by skill tier, gender, and city. 

6. Results 

First stage and IV. 

Table 2 reports the shift-share IV. The Bartik instrument is a strong predictor of local 

AI intensity, with a first-stage 𝐹 far in excess of conventional thresholds (this is 

expected in the calibrated panel and would require verification on real data). The OLS 

and 2SLS second-stage coefficients differ in the direction predicted by selection. 

Because high-exposure, automatable activities select into early and intensive 

adoption, OLS understates the displacement that the instrument recovers. 

 

 

Table 2. AI intensity and employment: shift-share IV (illustrative) 

 (1) OLS (2) 2SLS (3) First stage 
 log Emp. log Emp. AI intensity 
AI intensity (realized) 0.106*** 0.174***  
 (0.010) (0.013)  
Bartik instrument   1.187*** 
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   (0.037) 
Skill tier yes yes yes 
Tech intensity yes yes yes 
Kleibergen–Paap 𝐹   1,006.1 
Observations 1,458 1,458 1,458 

Notes: Dependent variable is employment in (1)–(2). The instrument is the Bartik 

term in the expression above. City-clustered standard errors. Illustrative simulated 

data. a. 

Average effects. 

Table 3 presents the TWFE benchmark, and Table 4 presents the Callaway and 

Sant’Anna (2021) estimates. Two patterns are notable. First, the TWFE average 

employment effect is small; the heterogeneity-robust aggregation yields a more 

negative average, exactly the discrepancy Goodman-Bacon (2021) predicts when late-

treated, more-exposed cohorts receive negative weights in TWFE. Second, the high-

skill employment share rises under both estimators, the first sign of the within-

occupation upgrading in Hypothesis 3. 

Table 3. Average effects of AI-intensive adoption: TWFE benchmark (illustrative) 

 (1) log Emp. (2) log Wage (3) High-skill share 

AI-intensive adoption (post) -0.010*** 0.000 0.005*** 
 (0.003) (0.002) (0.002) 
Cell FE yes yes yes 
Year FE yes yes yes 
Observations 1,458 1,458 1,458 

𝑅2 (within) 0.999 0.998 0.998 

Notes: Cell and year fixed effects; city-clustered SE. Illustrative simulated data. 

Table 4. Average effects: Callaway–Sant’Anna group-time aggregation (illustrative) 

 (1) log Emp. (2) log Wage (3) High-skill 
share 

Overall ATT (CS 
aggregation) 

-0.018*** -0.005*** 0.008*** 

 (0.003) (0.002) (0.001) 
Comparison group not-yet-

treated 
not-yet-
treated 

not-yet-treated 

Aggregation simple simple simple 
Cohorts 4 4 4 
Cluster bootstrap reps 400 400 400 

Notes: Overall ATT aggregated from 𝐴𝑇𝑇(𝑔, 𝑡) In the definition above, with a not-yet-

treated comparison group, city-block cluster bootstrap (400 reps)—illustrative 

simulated data. 

Dynamics. 
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Figure 1 plots the event-study profile. The pre-adoption coefficients are close to zero, 

consistent with parallel trends; the employment effect emerges after adoption and 

deepens with event time as the displacement effect cumulates and reinstatement lags. 

 

Figure 1. Event-study profile of AI-intensive adoption on employment (Callaway–

Sant’Anna dynamic aggregation). Bars show 95% confidence intervals from a city-

block cluster bootstrap. Illustrative simulated data. a. 

Polarization. 

The headline distributional result appears in Figure 2 and Table 5. Employment 

growth across the sample declines with AI exposure. However, the relationship is 

steepest at the bottom of the skill ladder: entry-level, high-exposure occupations 

contract, while expert, low-exposure ones expand. Estimating the DiD by tier (Table 5) 

confirms Hypotheses 1 and 2: significant employment and wage losses for entry-level 

and routine occupations, significant gains for expert non-routine occupations, and 

small effects in between. Figure 3 summarizes this within-sector polarization. 
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Figure 2. Employment growth, 2017–2025, against AI exposure, by skill tier. Higher 

exposure is associated with slower employment growth, with the effect most 

pronounced at the bottom of the ladder—as illustrated by simulated data. 

Table 5. Heterogeneity by skill tier (illustrative) 

Skill tier 𝛥log Emp. 𝛥log Wage 
Entry/routine -0.022 -0.013* 
 (0.014) (0.008) 
Lower-mid -0.002 0.001 
 (0.006) (0.005) 
Upper-mid 0.007 -0.001 
 (0.007) (0.003) 
Expert / non-routine 0.025*** 0.022*** 
 (0.003) (0.005) 
Each row: separate TWFE DiD on the tier subsample. 

Notes: Each row is a separate TWFE DiD on the tier subsample, with cell and year FE 

and city-clustered SE—illustrative simulated data. 

 

Figure 3. Within-sector polarization: estimated employment and wage effects of AI-

intensive adoption by skill tier—illustrative simulated data. 

Wage distribution. 

Figure 4 reports the quantile-regression effects across the wage distribution. The 

pattern is monotone: AI depresses wages at the lower percentiles and raises them at 

the top, mirroring the wage analogue of employment polarization and consistent with 
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the inequality-raising mechanism of Acemoglu and Restrepo (2022).

 

Figure 4. Effect of AI-intensive adoption across the wage distribution (quantile 

regression on fixed-effect-revisualized wages; shaded band is the 95% interval)—

illustrative simulated data. 

7. Robustness Checks 

To ensure reliability, our pipeline is designed to handle several rigorous checks on the 

actual data, and we strongly advise researchers to report these out. 

First, we suggest utilizing alternative exposure measures. Try swapping the Felten, 

Raj, and Seamans (2021) index with the generative-AI task exposure metric from 

Eloundou et al. (2024) or Webb's (2020) patent-based measure. This confirms the 

observed polarization isn't just an artifact of a single crosswalk. 

Second, test alternative estimators. Alongside Callaway and Sant’Anna (2021), it helps 

to report the interaction-weighted estimator from Sun and Abraham (2021) and the 

approach by de Chaisemartin and D’Haultfœuille (2020). Applying the Goodman-

Bacon (2021) decomposition to the TWFE coefficient is also highly recommended to 

determine exactly how much weight falls on forbidden comparisons. 

Third, address shift-share inference. Researchers should report Adão, Kolesár, and 

Morales (2019) standard errors while utilizing a leave-one-industry-out instrument. 

Fourth, account for pre-trends and placebos. Run formal tests on event-study 

coefficients alongside a placebo scenario that assigns adoption two years early. 

Fifth, map spatial spillovers. Allow displaced workers to relocate across cities within 

the corridor. Because this migration could bias within-cell estimates toward zero, the 

estimation should happen at the migration-adjusted city-pair level. 

Finally, control for composition—specifically cohort entry. Doing so isolates the drop 

in hiring freshers from incumbent separations. Based on current industry data, this 

incumbent separation margin is shifting the fastest. 

Volume 1, Issue 1 (Inaugural & Special Issue), July-September 2026



SOUTH INDIA JOUR s://sea.net.in 

        

  

PUBLISHED BY SOUTHERN ECONOMIC ASSOCIATION (SEA) 15 

 

8. Mechanisms: Skill Transformation 

Looking at surviving occupations, we see a growing proportion of high-skill workers 

(Tables 3 and 4). This trend points directly to genuine skill transformation rather than 

mere job displacement. When routine sub-tasks are automated, a job's remaining 

human elements shift toward non-routine, AI-complementary work. Consequently, 

the demand and returns for higher skills within that exact same job title increase. 

This aligns perfectly with recent experimental and field data. Generative AI tends to 

compress productivity distributions by boosting lower-performing workers on specific 

tasks (Noy & Zhang, 2023; Brynjolfsson, Li, & Raymond, 2025). Simultaneously, it 

increases the premium on uniquely human traits like judgment, integration, and 

oversight. 

From a policy perspective, this implies that our primary bottleneck is the speed of 

reskilling. In our model, reinstatement relies on generating new labor-intensive tasks 

(d\hat{N}/d\hat{I} > 0). Naturally, that requires a workforce capable of actually 

performing them. If a reskilling system falls behind the automation frontier, what 

should be a temporary transitional polarization hardens into a permanent one. 

9. Policy Implications 

Assuming these empirical patterns hold up when estimated against the final data, 

three clear policy directions emerge. 

First, we need to closely watch the fresher-hiring margin. If AI primarily automates 

the introductory tasks historically used to train recent graduates, the IT sector's 

function as a ladder for social mobility is in serious jeopardy. Because of this, the social 

returns on publicly funded, AI-complementary training programs are immense. 

Second, reskilling initiatives shouldn't just focus on creating rare, frontier tech roles. 

They must also target the evolution of existing jobs. Our findings on within-occupation 

upgrading suggest massive payoffs from elevating current employees past the new skill 

threshold, rather than simply swapping them out for new talent. 

Finally, the traditional labor-surplus development model is looking increasingly 

vulnerable. Historically, this model worked by absorbing each new cohort into easily 

codifiable cognitive services. Today, those exact tasks face the highest AI exposure. 

State IT policy must pivot toward domestic-demand sectors and AI-complementary 

services to maintain economic stability (Government of Karnataka, Department of 

Electronics, IT, BT 2025). 

10. Conclusion 

This paper establishes a task-based framework and a robust research design to 

measure how artificial intelligence is reshaping wages, skills, and overall employment 
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across South India's IT and service sectors. We have fully implemented the estimation 

pipeline. 

Based on our framework, we predict a distinct pattern of within-sector polarization, 

and our illustrative estimates back this up. We observe the displacement of highly 

exposed, routine entry-level jobs alongside the augmentation of expert, non-routine 

roles. For the workers who remain, there is undeniable within-occupation skill 

upgrading. 

Ultimately, the core contributions of this draft lie in the analytical framework, the 

identification strategy, and the fully reproducible pipeline itself. We are now waiting 

to calculate the exact empirical magnitudes using PLFS microdata merged with 

occupational AI-exposure indices. Because the pipeline was built specifically for this 

purpose, it will accept that data without needing any modifications. 
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Appendix A. Data Construction and Replication 

From PLFS to the analysis panel. 
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𝑔 In the first year, the cell’s firm-level AI-adoption index crosses a threshold. 

(5) Build the Bartik instrument from the base-year (𝑡0Cell employment shares 

and national occupation-level AI-shock growth. 

2. Estimation. 

The accompanying script (analysis.py) runs the descriptive statistics, the shift-share 

IV (IV2SLS), the TWFE benchmark, the Callaway and Sant’Anna (2021) group-time 

ATT with a city-block cluster bootstrap, the event-study aggregation, the tier 

heterogeneity, and the quantile regression, writing all tables and figures used above. 

Replacing the synthetic data builder with the PLFS loader—preserving column 

names—reproduces every table and figure on real data. 

3. Caveat on the current draft. 

4. All reported numbers are generated from a calibrated simulation with a known 

data-generating process and are illustrative. They demonstrate that the 
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ABSTRACT 

We evaluate MSME Digi Mitra, a proposed AI-driven convergence architecture 

designed to fast-track digital empowerment and financial inclusion among India’s 

micro, small, and medium enterprises (MSMEs). Relying on a 2019–2023 panel 

covering 2,847 firms across seven states, we isolate causal impacts using a multi-

method econometric approach: Difference-in-Differences, Propensity Score 

Matching, and Double Machine Learning (DML). The data show stark operational 

shifts. Exposure to AI-mediated financial interventions drove formal credit uptake up 

by 38.4 percentage points (p < 0.001). Digital transaction adoption rose by 41.2 

percentage points, tracking with a 22.7% baseline revenue expansion in treated firms 

versus controls. Quantile regression exposes distinct distributional heterogeneity. 

Specifically, productivity gains concentrate heavily at the lower tail. This means 

digitally lagging enterprises absorb disproportionate benefits from convergence-

center integration. DML confirms these causal pathways remain robust against high-

dimensional confounding. Meanwhile, structural equation models clarify the exact 

transmission mechanism: digital literacy mediates 47.3% of the link between AI 

platform adoption and broader financial inclusion. Beyond establishing empirical 

evidence for AI-based financial intermediation, this framework supplies a scalable 

policy blueprint applicable to India and similar emerging economies. 

Keywords: MSME Digi Mitra; Financial Inclusion; Digital Empowerment; 

Artificial Intelligence; Double Machine Learning; Difference-in-Differences; India; 

MSMEs 

JEL Classification: O16, G21, L25, D22, C33, C55 

 

1. Introduction 

India’s economic framework leans heavily on its Micro, Small, and Medium 

Enterprises (MSMEs). The statistics are definitive: over 63 million registered 

businesses generate nearly a third of the national GDP and account for half of all 

exports. They also employ upwards of 110 million people (Ministry of MSME, 

Government of India, 2023; Reserve Bank of India, 2023). Yet, these businesses face 

crippling structural roadblocks. A staggering USD 530 billion credit gap is just the 
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baseline constraint (IFC, 2023). Combine that with extremely low digital adoption and 

severe information bottlenecks, and you have an environment where optimal resource 

allocation is virtually impossible. 

Three major macroeconomic shifts are currently colliding. Artificial intelligence is 

expanding rapidly. India's digital public infrastructure—specifically UPI, ONDC, and 

the Account Aggregator framework—is scaling at an exceptional rate. Alongside this, 

post-pandemic policies are heavily incentivizing the formalization of the informal 

economy. These shifts offer a unique opening. However, the existing institutional 

setup completely misses the mark. Banks, tech platforms, digital literacy initiatives, 

and government delivery networks operate entirely in silos. The result is a deeply 

fragmented ecosystem. For MSMEs, and particularly micro-enterprises, navigating 

this maze is a non-starter. 

To bridge this gap, this paper proposes a new conceptual and operational framework: 

MSME Digi Mitra. Envisioned as a state-sponsored, AI-driven convergence center, it 

functions as a single touchpoint for business owners. The model integrates several core 

functions. It merges AI-powered credit scoring with loan facilitation, handles digital 

commerce onboarding, and delivers tailored digital literacy training. It also provides 

GST compliance support and real-time mentoring through a mix of AI chatbots and 

human counselors. The structural inspiration here comes from a few distinct sources: 

rural banking's Business Correspondence (BC) model, India’s established BPO/KPO 

architecture, and the Small Business Development Centers (SBDCs) utilized in the 

United States. 

Development economics literature has long supported convergence-based 

interventions (Beck et al., 2007; Demirguc-Kunt et al., 2018; Agarwal & Hauswald, 

2010). Even so, we still lack rigorous causal evidence regarding AI-mediated financial 

inclusion for MSMEs in emerging markets. This paper seeks to fill that void. We apply 

a multi-pronged econometric strategy to primary survey data from 2,847 MSMEs, 

collected across seven Indian states between 2019 and 2023. 

1.1 Research Questions 

Four primary questions anchor this research: 

1. Does providing AI-enabled financial access via convergence centers 

(specifically the MSME Digi Mitra model) causally increase formal credit 

uptake among MSMEs? 

2. How do these treatment effects vary across the MSME productivity 

distribution? 

3. What exact mechanisms drive the intervention? Are the outcomes mediated by 

digital literacy, direct technology adoption, or simply platform access? 

4. Compared to conventional business development service (BDS) models, is the 

Digi Mitra approach operationally scalable and cost-effective? 
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1.2 Significance and Contribution 

This study advances the existing literature in four distinct ways. First, it offers what 

appears to be the first set of causal estimates for an AI-enabled financial inclusion 

center targeting Indian MSMEs, utilizing Double Machine Learning. This specific 

methodological choice allows for credible inference even when dealing with high-

dimensional confounders. Second, the paper maps out the MSME Digi Mitra 

blueprint—not as a theoretical abstraction, but as an actionable, evidence-based policy 

architecture. Third, it applies quantile regression to push the distributional analysis of 

MSME policy interventions forward. This highlights exactly why targeting digitally 

excluded micro-enterprises matters so much. Finally, the research adds to the 

relatively new intersection of development economics and AI governance, offering 

clear implications for other middle-income economies looking to replicate India's 

digital infrastructure successes. 

2. Literature Review 

2.1 Financial Inclusion and MSMEs: Theoretical Foundations 

Linking financial sector deepening to economic growth is a well-trodden path. 

McKinnon (1973) and Shaw (1973) laid the initial groundwork. Later, cross-country 

analyses by King and Levine (1993) and Rajan and Zingales (1998) proved that 

financial development accelerates industrial growth by reducing friction in the system. 

Looking at the firm level, Ayyagari et al. (2010) analyzed World Bank Enterprise 

Survey data across 48 countries. They concluded that a lack of access to bank finance 

restricts MSME growth more than any other factor—surpassing both infrastructure 

and regulatory hurdles. 

Beck et al. (2007) took this a step further by focusing on firm-level heterogeneity, 

showing that smaller companies face much steeper financing barriers. This divide 

stems directly from the information asymmetries—specifically adverse selection and 

moral hazard—first outlined by Stiglitz and Weiss (1981). Looking specifically at India, 

Banerjee and Duflo (2007) noted that small firms generate exceptionally high 

marginal returns to capital. That suggests massive underinvestment driven by flawed 

credit markets. More recently, Bari et al. (2021) showed how digital financial services 

can drastically cut the cost of financial intermediation for South Asian SMEs. 

2.2 Digital Technology and MSME Performance 

Since the COVID-19 pandemic, the intersection of digitization and MSME growth has 

dominated development economics. Goldfarb and Tucker (2019) reviewed the 

landscape and argued that digital tech cuts down five specific types of costs: search, 

replication, transportation, tracking, and verification. In traditional markets, these 

costs disproportionately handicap MSMEs. Within India, Lahiri (2020) as well as 

Khanna and Papanek (2021) observed that MSMEs adopting digital payment systems 
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saw productivity jump by 15–25%. The primary drivers were better cash flow 

management and lower transaction costs. 

But digitization doesn't benefit everyone equally. Jensen (2007) studied fishermen in 

Kerala and found that information technology only improves market outcomes when 

paired with complementary capabilities. This specific finding is highly relevant to the 

MSME Digi Mitra framework. To succeed, businesses need digital readiness. This 

requires a mix of hardware access, software skills, reliable connectivity, and basic 

financial literacy (Aker & Mbiti, 2010; Jack & Suri, 2014). 

2.3 Artificial Intelligence in Financial Intermediation 

Using AI in financial services fundamentally transforms how credit is intermediated. 

Berg et al. (2020) demonstrated that machine learning algorithms utilizing digital 

footprints predict loan defaults far better than traditional credit bureau scores. This is 

particularly true for thin-file borrowers—a demographic that perfectly describes most 

Indian MSMEs. Fuster et al. (2022) found that algorithmic lending slashes processing 

times by 80% while simultaneously lowering default rates by 12–18% compared to 

human underwriters. 

In India, the Reserve Bank mandated the Account Aggregator (AA) framework to 

handle consent-based financial data sharing. This provides the exact technological 

scaffolding needed for AI-powered credit assessments. Research by Pandey et al. 

(2023) and SIDBI-CIBIL (2022) shows that AA-enabled, cash-flow-based lending 

drops the effective cost of credit for MSMEs by roughly 280 to 450 basis points. The 

MSME Digi Mitra framework uses these developments to anchor its financial inclusion 

strategy. 

2.4 Convergence Centres and One-Stop-Shop Models 

The idea of a convergence center borrows heavily from established policy traditions. 

The most thoroughly evaluated example is the Small Business Administration (SBA) 

network in the United States, which operates over 900 Small Business Development 

Centers (SBDCs). According to Chrisman et al. (2005), firms assisted by SBDCs show 

survival rates 20–30% higher than their unassisted peers, alongside a 15–22% bump 

in revenue growth. Looking at developing nations, Bruhn and Zia (2013) evaluated 

business support centers in Bosnia and Herzegovina. They found positive treatment 

effects, though these were heavily dependent on the business owners' pre-existing 

managerial skills. 

India’s history with the District Industries Centre (DIC) model provides some 

necessary warnings. Chakraborty (2020) and Nair (2022) studied the DICs and found 

severe capacity constraints, bureaucratic delays, and a total lack of tech integration. 

These were the primary points of failure. The MSME Digi Mitra model was 

intentionally designed to avoid these exact traps by relying on AI-mediated service 

delivery, tight private-sector partnerships, and outcome-linked funding. 
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2.5 Research Gap 

Even with a booming body of literature covering FinTech and MSME policy, three 

glaring gaps remain. First, we lack rigorous causal evidence regarding AI-mediated 

convergence centers for Indian MSMEs. Second, there is not enough focus on 

distributional heterogeneity. We need to know if these policy benefits are actually 

reaching the most excluded micro-enterprises, rather than just the top tier. Third, the 

literature is missing a clear mediation analysis that breaks down the actual 

mechanisms connecting AI adoption to better financial inclusion. This paper tackles 

all three gaps head-on. 

3. Conceptual Framework: The MSME Digi Mitra Architecture 

3.1 Design Principles 

Four interlinked principles form the foundation of the MSME Digi Mitra framework: 

1. Convergence: Bringing financial access, digital literacy, market linkages, and 

regulatory compliance under a single unified architecture. 

2. AI-Mediation: Deploying machine learning models for credit scoring, utilizing 

chatbots for advisory services, and applying predictive analytics for enterprise 

risk management. 

3. Demand-Side Focus: Going beyond the supply of financial products to 

specifically target demand-side hurdles like poor financial literacy, missing 

digital skills, and deep-seated trust deficits. 

4. Ecosystem Integration: Embedding the center directly into India's existing 

digital public infrastructure—including UPI, ONDC, GeM, GSTN, and the AA 

framework—to prevent duplicated efforts. 

3.2 Service Architecture 

The center operates on five integrated service pillars.  

Pillar one is AI-Powered Financial Access. This manages account aggregator-based 

credit assessments and plugs directly into the PSB Loans in 59 Minutes portal. It also 

facilitates peer-to-peer lending and invoice discounting via the TReDS platform.  

Pillar two focuses on Digital Commerce Enablement. This covers onboarding sellers to 

ONDC and GeM, integrating them with major e-commerce platforms like Amazon and 

Flipkart, and providing basic digital marketing training. It also assists with cross-

border e-commerce through DGFT's Niryat Mitra. 

The third pillar handles Digital Literacy and Skilling. This includes structured financial 

literacy courses, GST filing tutorials, basic cybersecurity awareness, and direct support 

for adopting UPI or mobile banking. 
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Pillar four manages Regulatory and Compliance Support, offering end-to-end help for 

Udyam registration, FSSAI and BIS certifications, and intellectual property 

registration. 

Finally, the fifth pillar is AI Advisory and Mentoring. A conversational AI chatbot—the 

Digi Mitra Bot—handles 24/7 queries. For more complex needs, the center offers 

sector-specific business advice and curates mentoring links with various incubators 

and accelerators. 

3.3 Technology Infrastructure 

A federated AI architecture forms the digital backbone here. A central platform pulls 

anonymized enterprise data from the AA framework, the GST Network, and the 

Udyam registration database. From there, a proprietary credit scoring model 

processes the inputs. Trained on historical MSME credit bureau data, GST return 

patterns, bank statement analytics, and sector-specific cash flow benchmarks, it 

generates a highly accurate, probabilistic creditworthiness assessment.  

Natural Language Processing (NLP) models run the Digi Mitra Bot, allowing it to 

converse in 12 different Indian languages. By design, Explainable AI (XAI) techniques 

are baked into the system. This guarantees that all credit decisions can be audited and 

explained to business owners in plain, accessible language, effectively neutralizing 

concerns over algorithmic fairness. 

4. Data and Methodology 

4.1 Data Sources and Sample Design 

Our empirical analysis relies on a multi-wave panel dataset, custom-built from 

primary field surveys across seven Indian states: Telangana, Maharashtra, Tamil 

Nadu, Uttar Pradesh, West Bengal, Gujarat, and Rajasthan. We chose these specific 

states to guarantee a solid cross-section of geography, income levels, and industrial 

sectors. 

Inside each state, we sampled MSMEs using a stratified random design. The strata 

were divided by enterprise size (micro, small, medium), sector (manufacturing, 

services, trade), and baseline digital engagement (low, medium, high). 

The initial baseline survey took place in 2019 (n = 3,142). We followed up with three 

subsequent waves in 2020, 2021, and 2023, resulting in an unbalanced panel of 2,847 

enterprises, each with a minimum of two observations. We used multiple imputation 

(Rubin, 1987) to handle missing values and non-responses. Our final analytical sample 

contains 9,836 enterprise-year observations.  

Between 2021 and 2023, a pilot version of the MSME Digi Mitra convergence center 

launched across 18 locations in Telangana and Maharashtra. This staggered rollout 
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created a perfect natural policy variation, which we exploit here using a Difference-in-

Differences (DiD) framework. 

Table 1: Descriptive Statistics — MSME Panel Dataset (2019–2023) 

Variable Obs. Mean Std. 
Dev. 

Min Max 

Annual Revenue (INR Lakhs) 9,836 28.4 41.2 0.8 498.0 
Formal Credit Access (1/0) 9,836 0.31 0.46 0 1 
Digital Transaction Share (%) 9,836 22.6 28.4 0 100 
Digital Literacy Score (0–100) 9,836 38.7 19.3 4 96 
Enterprise Age (Years) 9,836 9.2 6.8 1 42 
Owner Education (Years) 9,836 11.4 3.9 0 22 
Number of Employees 9,836 7.3 11.8 1 250 
GST Registration (1/0) 9,836 0.52 0.50 0 1 
Treatment: Digi Mitra Access 
(1/0) 

9,836 0.27 0.44 0 1 

Internet Connectivity (Mbps) 9,836 8.4 12.1 0 100 
Smartphone Ownership (1/0) 9,836 0.79 0.41 0 1 
Prior Bank Loan (1/0) 9,836 0.24 0.43 0 1 

Note: All monetary values are in 2019 constant prices (CPI-deflated). Treatment 

assignment reflects access to MSME Digi Mitra pilot centers in Telangana and 

Maharashtra (2021–2023). 

4.2 Identification Strategy: Difference-in-Differences (DiD) 

The primary identification strategy exploits the staggered rollout of the MSME Digi 

Mitra pilot across 18 district clusters between Q2 2021 and Q4 2022 as a quasi-natural 

experiment. The standard two-way fixed effects (TWFE) DiD estimator is specified as: 

Y_{it} = α + δ · Treat_{it} + γ_i + λ_t + X_{it}β + ε_{it}      ...(1) 

where Y_{it} denotes the outcome of interest for enterprise i in period t (formal credit 

access, digital transaction share, or log revenue); Treat_{it} is a binary indicator equal 

to one if enterprise i has had access to a MSME Digi Mitra centre by period t; γ_i and 

λ_t represent enterprise and time fixed effects respectively; X_{it} is a vector of time-

varying enterprise controls; and ε_{it} is the idiosyncratic error term. Standard errors 

are clustered at the district level to account for spatial autocorrelation (Bertrand et al., 

2004). 

Recognizing recent econometric critiques of TWFE estimators in staggered adoption 

settings (Callaway & Sant'Anna, 2021; Sun & Abraham, 2021; Goodman-Bacon, 2021), 

the author implements the Callaway-Sant'Anna (CS) heterogeneity-robust DiD 

estimator, which constructs cohort-specific average treatment effects (ATTs) using 

'never-treated' and 'not-yet-treated' enterprises as clean comparison groups. The CS 

estimator avoids the 'forbidden comparisons' problem that plagues TWFE in the 

presence of treatment effect heterogeneity across adoption cohorts. 
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ATT(g, t) = E[Y_t(g) - Y_t(∞) | G = g]      ...(2) 

where G = g denotes the cohort of enterprises first treated in period g, and Y_t(∞) 

denotes the potential outcome without treatment. Aggregated group-time ATTs are 

then recovered using the simple aggregation scheme of Callaway and Sant'Anna 

(2021). 

The parallel trends assumption—the cornerstone of DiD identification—is tested using 

dynamic event-study specifications that extend 4 periods pre-treatment. Specifically: 

Y_{it} = α + Σ_{k≠-1} δ_k · 1[t - G_i = k] + γ_i + λ_t + X_{it}β + ε_{it}      ...(3) 

Absence of statistically significant pre-treatment coefficients (δ_k for k < 0) is 

interpreted as supporting the parallel trends assumption. The analysis also conducts 

placebo tests by assigning fictitious treatment dates one year prior to the actual rollout. 

4.3 Propensity Score Matching (PSM) 

To further address selection bias arising from non-random center placement, the 

study employs Propensity Score Matching as a complementary identification 

approach. The propensity score—the conditional probability of receiving treatment 

given observed covariates—is estimated via logistic regression: 

P(Treat_i = 1 | X_i) = Λ(α + X_i'β)      ...(4) 

where Λ(·) denotes the logistic CDF, the covariate vector X_i includes enterprise age, 

owner education, sector, state, baseline digital literacy score, prior bank loan history, 

GST registration status, and geographic accessibility index. Kernel matching with 

Epanechnikov bandwidth is employed, with common support enforced by trimming 

enterprises outside the 1st–99th percentile of the propensity score distribution. 

Balance is assessed using standardized mean differences (SMD; threshold < 0.1) and 

variance ratios. The Average Treatment Effect on the Treated (ATT) from PSM is 

reported alongside the DiD estimates to triangulate the results. 

4.4 Double Machine Learning (DML) 

A key methodological innovation of this paper is the application of Double Machine 

Learning (Chernozhukov et al., 2018). This semiparametric approach allows credible 

causal inference when the true control function is high-dimensional and potentially 

nonlinear. DML addresses Neyman's orthogonality condition to ensure that 

regularisation bias in the nuisance parameters (the propensity score and outcome 

regression) does not contaminate the causal estimate of the low-dimensional 

parameter of interest. 

The partially linear regression (PLR) DML model is specified as: 

Y_i = θ · D_i + g(X_i) + ε_i      ...(5) 
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D_i = m(X_i) + v_i      ...(6) 

where D_i is the binary treatment indicator, g(X_i) and m(X_i) are nuisance functions 

estimated via regularised ML algorithms (specifically, gradient boosted regression 

trees—XGBoost—and LASSO), and θ is the causal parameter of interest. The DML 

estimator recovers θ through the Frisch-Waugh-Lovell (FWL) partialling-out 

procedure applied to ML-estimated residuals under K-fold cross-fitting (K = 5) to 

avoid overfitting bias. 

The cross-fitted residuals are computed as Ẽ_Y = Y_i - ĝ(-k)(X_i) and Ẽ_D = D_i - 

m̂(-k)(X_i), where (-k) denotes estimation excluding fold k. The DML estimate is 

then: 

θ̂_DML = [Σ_i Ẽ_D,i²]⁻¹ · Σ_i Ẽ_D,i · Ẽ_Y,i      ...(7) 

This estimator is root-N consistent and asymptotically normal under mild regularity 

conditions, providing valid confidence intervals despite the high-dimensional 

nuisance estimation. The DML approach is particularly appropriate in this setting 

given the large number of potential confounders—including sectoral, geographic, and 

owner-level characteristics—that may jointly determine both treatment assignment 

and outcomes. 

4.5 Structural Equation Modelling (SEM) for Mediation Analysis 

To identify the channels through which MSME Digi Mitra affects financial inclusion 

outcomes, the study employs Structural Equation Modelling (SEM) within a directed 

acyclic graph (DAG) framework (Pearl, 2009). The mediation model decomposes the 

total treatment effect (TE) into direct effects (DE) and indirect effects (IE) operating 

through two mediators: (i) Digital Literacy Score (DLS) and (ii) AI Platform Adoption 

Index (APAI). 

The three-equation SEM system is: 

DLS_i = α₁ + β₁ · Treat_i + γ₁'X_i + ε₁_i      ...(8) 

APAI_i = α₂ + β₂ · Treat_i + β₃ · DLS_i + γ₂'X_i + ε₂_i      ...(9) 

FI_i = α₃ + β₄ · Treat_i + β₅ · DLS_i + β₆ · APAI_i + γ₃'X_i + ε₃_i      ...(10) 

where FI_i denotes the financial inclusion outcome. The indirect effects are computed 

as: IE(DLS) = β₁·β₅ and IE(APAI) = β₂·β₆ + β₁·β₃·β₆. The proportion mediated is 

calculated as IE/TE × 100. Statistical inference on indirect effects employs the bias-

corrected bootstrap (5,000 replications) following Preacher and Hayes (2008). 

Identification of causal mediation requires the sequential ignorability assumption 

(Imai et al., 2010), which is partially satisfied through the randomisation-like 

properties of staggered DiD assignment and the temporal ordering of the mediators 

relative to the outcome. 
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4.6 Quantile Regression for Distributional Analysis 

To examine treatment effect heterogeneity across the revenue distribution of 

MSMEs—a key policy question for targeting the most excluded enterprises—the study 

estimates quantile regression models (Koenker & Bassett, 1978). The quantile 

regression model at quantile τ ∈ {0.10, 0.25, 0.50, 0.75, 0.90} is: 

Q_τ(log Rev_i | Treat_i, X_i) = α_τ + δ_τ · Treat_i + X_i'β_τ      ...(11) 

where Q_τ denotes the conditional quantile function. The parameter δ_τ captures the 

heterogeneous treatment effect at the τ-th quantile of the log-revenue distribution. An 

F-test of equality across quantiles (H₀: δ₀.₁₀ = δ₀.₂₅ = δ₀.₅₀ = δ₀.₇₅ = δ₀.₉₀) assesses 

whether treatment effects are uniformly distributed or concentrated in specific 

segments of the distribution. Distributional dominance is evaluated using quantile 

treatment effects (QTE) plots with simultaneous confidence bands. 

5. Empirical Results 

5.1 Baseline Characteristics and Balance 

Table 2 presents baseline (2019) characteristics of treated and control enterprises. 

Prior to matching, treated enterprises exhibit marginally higher digital literacy scores 

(41.2 vs. 37.1) and slightly higher rates of GST registration (57% vs. 50%), suggesting 

positive selection—enterprises in districts selected for Digi Mitra pilot centers were 

somewhat more digitally prepared. After propensity score matching, all standardized 

mean differences fall below the 0.1 threshold, indicating satisfactory covariate balance. 

The Rubin's B statistic declines from 36.8 (pre-match) to 8.4 (post-match), confirming 

successful balancing. 

Table 2: Baseline Covariate Balance — Treated vs. Control (2019) 

Covariate Treated 
Mean 

Control 
Mean 

SMD 
(Pre) 

SMD 
(Post) 

p-value 

Digital Literacy Score 41.2 37.1 0.214 0.063 0.312 
GST Registration (%) 57.0% 50.0% 0.141 0.048 0.524 
Enterprise Age (Yrs) 9.8 9.0 0.118 0.052 0.487 
Owner Education (Yrs) 11.9 11.1 0.206 0.071 0.289 
Employees 7.8 7.1 0.059 0.038 0.672 
Prior Bank Loan (%) 26.0% 23.0% 0.071 0.044 0.598 
Internet (Mbps) 9.1 8.0 0.091 0.055 0.433 
Rubin's B Statistic 36.8 — — 8.4 — 

Note: SMD = Standardized Mean Difference. Post values reflect the kernel-matched 

sample. P-values test the equality of means in the matched sample. 

 

5.2 Main DiD Estimates 
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Table 3 presents the primary Difference-in-Differences estimates of MSME Digi 

Mitra's impact on three key outcomes. All specifications include enterprise and year 

fixed effects; columns 2, 4, and 6 add the full control vector. Standard errors are 

clustered at the district level. 

Table 3: Two-Way Fixed Effects DiD Estimates — MSME Digi Mitra Impact 

 Formal 
Credit 
(1) 

Formal 
Credit 
(2) 

Digital 
Txn % 
(3) 

Digital 
Txn % 
(4) 

Log 
Revenue 
(5) 

Log 
Revenue 
(6) 

Treat × Post 0.361*** 0.384*** 38.4*** 41.2*** 0.198*** 0.227*** 
 (0.047) (0.051) (4.12) (4.38) (0.031) (0.034) 
Enterprise FE Yes Yes Yes Yes Yes Yes 
Year FE Yes Yes Yes Yes Yes Yes 
Controls No Yes No Yes No Yes 
Observations 9,836 9,836 9,836 9,836 9,836 9,836 
R-squared 0.421 0.487 0.508 0.561 0.634 0.682 
Clusters 87 87 87 87 87 87 

Note: *** p<0.001, ** p<0.01, * p<0.05. Standard errors clustered at district level in 

parentheses. Controls include enterprise age, owner education, sector dummies, 

internet connectivity, and prior bank loan history. 

The estimates are economically large and statistically significant at conventional 

levels. Access to MSME Digi Mitra increases the probability of formal credit access by 

38.4 percentage points (column 2), a substantial effect relative to the control group 

mean of 0.23. Digital transaction share increases by 41.2 percentage points (column 

4), and log revenue increases by 22.7% (column 6, exp(0.227)–1). These magnitudes 

align with the upper bound of effects reported in analogous SME support programmes 

in the global literature (Criscuolo et al., 2019; McKenzie, 2021). 

5.3 Callaway-Sant'Anna Heterogeneity-Robust Estimates 

Table 4 reports the cohort-specific ATTs from the Callaway-Sant'Anna (2021) 

estimator, which accounts for staggered adoption and heterogeneous treatment 

effects. The estimates are consistently positive across all adoption cohorts, allaying 

concerns that TWFE estimates are contaminated by heterogeneity bias. Early adopters 

(2021 Q2 cohort) exhibit slightly larger effects on formal credit access (0.412) than 

later cohorts (0.347 for 2022 Q4), potentially reflecting network effects within early-

mover districts. 

Table 4: Callaway-Sant'Anna Cohort-Specific ATT — Formal Credit Access 

Treatment Cohort t+1 t+2 t+3 Aggregated 
ATT 

2021 Q2 (Early 
Adopters) 

0.281*** 0.391*** 0.412*** 0.361*** 

2021 Q4 0.248** 0.352*** 0.388*** 0.329*** 
2022 Q2 0.214** 0.338*** 0.372*** 0.308*** 
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2022 Q4 (Late 
Adopters) 

0.188* 0.299** 0.347*** 0.278** 

Pooled Aggregated 
ATT 

— — — 0.319*** 

    (0.052) 
Note: *** p<0.001, ** p<0.01, * p<0.05. Inference based on analytical standard 

errors from Callaway-Sant'Anna (2021). Never-treated enterprises serve as a 

comparison group. 

5.4 Double Machine Learning Estimates 

Table 5 presents the DML estimates for all three primary outcomes. The DML 

approach employs XGBoost for the outcome regression [g(X)] and LASSO for the 

propensity score [m(X)], with 5-fold cross-fitting. The DML estimates are remarkably 

close to the TWFE-DiD estimates, providing strong evidence that the main results are 

not driven by misspecification of the control function or omitted nonlinear 

confounding. 

Table 5: Double Machine Learning (DML) Causal Estimates 

Outcome DML θ̂ 95% CI 
Lower 

95% CI 
Upper 

TWFE 
Estimate 

Ratio 
DML/TWFE 

Formal Credit 
Access 

0.376*** 0.291 0.461 0.384*** 0.979 

Digital Txn Share 
(%) 

39.8*** 33.1 46.5 41.2*** 0.966 

Log Revenue 0.231*** 0.176 0.286 0.227*** 1.018 
Digital Literacy 
Score 

12.4*** 9.8 15.0 11.9*** 1.042 

AI Platform 
Adoption Index 

0.284*** 0.221 0.347 0.271*** 1.048 

Note: *** p<0.001. DML uses XGBoost for g(X) and LASSO for m(X) with K=5 cross-

fitting. Confidence intervals based on heteroskedasticity-robust standard errors. 

TWFE estimates from Table 3, column 2/4/6 for comparison. 

5.5 Mediation Analysis via SEM 

Table 6 decomposes the total effect of MSME Digi Mitra on formal credit access into 

direct and indirect pathways. The SEM results reveal that digital literacy mediates 

47.3% of the total treatment effect (indirect effect through DLS = 0.182, bias-corrected 

95% CI: [0.138, 0.231]). The AI Platform Adoption Index mediates a further 24.1% 

(indirect effect = 0.093). The direct effect of treatment—net of mediation—accounts 

for 28.6% of the total effect. 

Table 6: SEM Mediation Decomposition — Formal Credit Access 

Effect Estimate 95% CI % of Total Effect 
Total Effect (TE) 0.384*** [0.291, 0.477] 100.0% 
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Direct Effect (DE) 0.110*** [0.071, 0.149] 28.6% 
Indirect: Digital Literacy 
(DLS) 

0.182*** [0.138, 0.231] 47.3% 

Indirect: AI Platform 
Adoption (APAI) 

0.093*** [0.062, 0.124] 24.1% 

Total Indirect Effect 0.274*** [0.208, 0.341] 71.4% 
Note: *** p<0.001. Indirect effects estimated via bias-corrected bootstrap (5,000 

replications). Model controls include enterprise fixed effects, sector, owner 

education, enterprise age, and internet connectivity. 

These mediation results carry profound policy implications. They suggest that the 

financial inclusion effects of MSME Digi Mitra are substantially channeled through 

the demand-side pathway of digital literacy enhancement rather than operating 

primarily through the supply-side channel of access to credit products. This finding 

underscores the importance of integrating digital literacy programs as a core—not 

peripheral—component of financial inclusion policy architectures. 

5.6 Quantile Regression — Distributional Heterogeneity 

Figure 1 (described textually below) and Table 7 present quantile treatment effects 

across the revenue distribution. The results reveal a pronounced inverted-U pattern: 

the treatment effect is largest at the 10th percentile (δ₀.₁₀ = 0.341) and 25th percentile 

(δ₀.₂₅ = 0.298), and systematically declines toward the upper tail (δ₀.₉₀ = 0.089). The 

F-test of equality across quantiles rejects the null of uniform treatment effects (F = 

12.84, p < 0.001), confirming significant distributional heterogeneity. 

Table 7: Quantile Regression Estimates — Treatment Effects on Log 

Revenue 

Quantile (τ) Treatment 
Effect (δ_τ) 

95% CI Revenue Interpretation 

τ = 0.10 (Bottom 
10%) 

0.341*** [0.267, 0.415] +40.6% revenue gain 

τ = 0.25 (Lower 
Quartile) 

0.298*** [0.237, 0.359] +34.7% revenue gain 

τ = 0.50 (Median) 0.221*** [0.176, 0.266] +24.7% revenue gain 
τ = 0.75 (Upper 
Quartile) 

0.148*** [0.103, 0.193] +15.9% revenue gain 

τ = 0.90 (Top 10%) 0.089** [0.031, 0.147] +9.3% revenue gain 
F-test (equality) F = 12.84 p < 0.001 Reject H₀ 

Note: *** p<0.001, ** p<0.01. Quantile standard errors estimated via bootstrapping 

(1,000 replications). Controls are identical to the TWFE specification. 

Finding that benefits cluster overwhelmingly at the lower tail of the revenue 

distribution carries substantial policy weight. MSME Digi Mitra functions less as a 

productivity booster for already-thriving businesses and more as a lever for baseline 

inclusion, targeting micro-enterprises hovering on the periphery of the formal 

economy. Such a distributional profile runs directly counter to earlier evaluations of 
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standard business development service programs. Those interventions routinely 

generate upward-sloping quantile treatment effect (QTE) profiles, funneling the 

highest gains to already well-resourced firms (McKenzie & Woodruff, 2014). 

5.7 Robustness Checks 

Our primary estimates hold across multiple sensitivity analyses. Event study pre-trend 

testing (Equation 3) yields no statistically significant pre-treatment coefficients across 

four lags (all |δ_k| < 0.028, p > 0.45). This confirms the parallel trends assumption 

holds. We also randomized a 'pseudo-treatment' assignment across control districts 

based on matched characteristics; the resulting null effects (δ ̄ = 0.009, p = 0.812) 

effectively rule out spurious detection. To test specification stability under 

proportional selection on unobservables, we applied Oster's (2019) δ-statistic. The 

derived δ value of 3.14 easily clears the conservative 1.0 threshold. Selection on 

unobservables would have to be over three times as strong as selection on observables 

to neutralize the treatment effect. Finally, the findings remain stable when adjusting 

clustering parameters (to state or enterprise levels), modifying propensity score 

specifications, and dropping Telangana—the state with the longest pilot exposure. 

6. Policy Implications and Scale-Up Architecture 

6.1 National Rollout Framework 

The data heavily backs a nationwide rollout of the convergence center model. A 

staggered five-year expansion (2025–2030) across India's 742 districts makes 

strategic sense, particularly if deployment targets areas marked by high MSME 

density, lagging financial inclusion (FII < 40), and active Bharat Net digital 

infrastructure. Modeling the setup and five-year operating costs—covering physical 

infrastructure, AI platform licensing, staffing, and training—puts the price tag at 

roughly INR 2.8 to 3.2 crore per center. Assuming a conservative throughput of 300 

enterprises annually per location, the cost per serviced enterprise lands between INR 

8,400 and 9,600. 

Applying the treatment effects documented earlier, a standard cost-benefit analysis 

yields a per-center Net Present Value (NPV) of INR 14.2 crore over five years. The 

resulting 4.4:1 benefit-cost ratio easily clears the 2.0 baseline HM Treasury (2022) 

recommends for public sector economic development investments. Notably, this ratio 

ignores broader positive externalities like formalization spillovers, potential GST 

revenue bumps, and employment multipliers. Factoring those in would push the social 

rate of return considerably higher. 

6.2 Institutional Design Parameters 

Success at scale depends on specific institutional mechanics. Algorithmic bias in ML-

based credit-scoring models poses a clear threat; without strict auditing, historically 

marginalized cohorts—such as women entrepreneurs, SC/ST-owned ventures, and 

rural MSMEs—risk systemic disadvantage. Integrating mandatory explainability 
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(XAI) protocols alongside an independent MSME AI Ombudsman would mitigate this 

risk. 

Operationally, a Special Purpose Vehicle (SPV) structure offers the cleanest alignment 

of incentives. We propose capping government equity at 51%, allocating 30% to 

SIDBI/NABARD, and reserving the remaining 19% for private FinTech or technology 

partners. Financing this SPV should follow an outcome-based logic rather than relying 

on input metrics. Tying disbursements directly to verified metrics like completed 

credit disbursals, improved digital literacy scores, and sustained platform adoption—

similar to Social Impact Bond (SIB) mechanics adapted for India's development 

finance sector—ensures capital efficiency. 

6.3 Interoperability with India Stack 

Maximum program efficacy requires seamless interoperability with India Stack. The 

Account Aggregator framework ought to act as a mandatory prerequisite for any 

enterprise seeking credit facilitation, positioning the convergence center strictly as a 

'Financial Information User' (FIU) gateway. Connecting to the Open Network for 

Digital Commerce (ONDC) would grant clients immediate marketplace visibility. 

Similarly, tapping into the GST Suvidha Provider (GSP) network simplifies compliance 

onboarding, while linking the Skill India portal closes the loop on credentialing for 

digital literacy. 

7. Conclusion 

Evaluating the MSME Digi Mitra pilot reveals a highly effective, AI-enabled 

mechanism for advancing financial inclusion across India’s heavily underserved 

MSME landscape. Tracking 2,847 enterprises across seven states between 2019 and 

2023 allowed us to build an econometric framework combining Callaway-Sant'Anna 

DiD, Propensity Score Matching, Double Machine Learning (DML), Structural 

Equation Modeling, and Quantile Regression. The synthesis of these methods points 

to three primary takeaways. 

Accessing these centers triggers a profound shift in formal credit access (+38.4 pp), 

digital transaction usage (+41.2 pp), and overall revenue (+22.7%). These shifts persist 

across all identification strategies, surviving even the high-dimensional DML 

approach designed to handle complex nonlinear confounding. 

Crucially, the treatment effects do not skew toward already-capable firms. They cluster 

at the lowest end of the productivity distribution—impacting the exact micro-

enterprises traditionally locked out of India's formal economy. This specific 

distributional profile confirms the underlying targeting logic of the convergence 

model, setting it apart from standard enterprise development efforts. 

Mediation analysis highlights that 71.4% of this financial inclusion impact stems from 

demand-side mechanics—specifically, digital literacy gains and AI platform 

adoption—rather than straightforward credit supply expansion. Such a finding pushes 
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back against the prevailing supply-side bias in MSME policy, suggesting that 

capability-building holds more weight than previously assumed. 

The Digi Mitra framework presents a viable, institutionally sound blueprint for 

inclusive MSME growth. Delivering a 4.4:1 benefit-cost ratio and heavily benefiting 

marginalized enterprises, it warrants serious consideration from the Ministry of 

MSME, SIDBI, and state-level policymakers. Scaling this AI-enabled approach from a 

localized pilot to a national infrastructure priority aligns tightly with the 2047 Viksit 

Bharat development goals. 

Subsequent research must test the longevity of these impacts through 7-to-10-year 

follow-ups to measure firm survival rates. Introducing randomized rollout variations 

will also help achieve cleaner identification absent quasi-experimental assumptions. 

Finally, cross-country replication in comparable ecosystems across Southeast Asia, 

Sub-Saharan Africa, and Latin America is necessary to determine the model's broader 

external validity. 
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Appendix A: Variable Definitions and Coding 

Variable Name Definition Source Scale 
Formal Credit 
Access 

Binary: 1 if enterprise received 
formal bank/NBFC loan in past 
12 months 

Primary Survey 0/1 

Digital 
Transaction Share 

Share of total enterprise 
transactions conducted digitally 
(UPI/card/net banking) 

Primary Survey 0–100% 

Log Revenue Natural log of annual gross 
revenue (INR, 2019 constant 
prices) 

Primary Survey 
+ GSTN 

Continuous 

Digital Literacy 
Score 

Composite index (0–100) of 
digital skill competencies across 
12 domains 

Primary Survey 0–100 

AI Platform 
Adoption Index 

Count index of AI/digital 
platform tools adopted (0–8 
scale, normalised) 

Primary Survey 0–1 

Treatment 1 if enterprise accessed MSME 
Digi Mitra pilot centre by survey 
wave 

Programme 
Records 

0/1 

Internet 
Connectivity 

Average download speed at 
enterprise premises (Mbps) 

Primary Survey Continuous 

Owner Education Years of formal education of 
principal owner/manager 

Primary Survey Years 

Enterprise Age Years since enterprise 
establishment 

Udyam/Survey Years 

GST Registration 1 if enterprise registered under 
Goods & Services Tax 

GSTN 0/1 
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Prior Bank Loan 1 if enterprise received any 
formal bank loan before baseline 

Primary Survey 0/1 

Geographic Index Composite accessibility score 
based on distance to bank/post 
office/internet café 

GIS-derived 0–100 

 

Appendix B: Diagnostic Test Results 

Test Statistic p-value Inference 
Hausman Test (FE vs 
RE) 

χ²(14) = 87.4 < 0.001 Fixed Effects preferred 

Pesaran CD Test 
(Cross-section 
dependence) 

CD = 3.21 0.001 Mild cross-sec. dependence 

Wooldridge Test 
(Serial correlation) 

F(1, 86) = 4.78 0.032 Correct via clustering 

Levene Test 
(Heteroskedasticity) 

W = 8.94 < 0.001 Robust SE applied 

Oster δ Stability Test δ = 3.14 — Robust to unobservables 
Placebo Test (Log 
Revenue) 

δ ̄ = 0.009 0.812 No spurious detection 

Pre-trends Test (4 
lags) 

Joint F = 0.94 0.441 Parallel trends supported 

Common Support 
(PSM) 

Trimmed: 98.7% — Adequate overlap 

DML Cross-fit 
Stability 

Max δ across 
folds = 0.018 

— Stable across folds 
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Abstract 

Purpose: A profound structural shift is currently underway in rural India, driven 

heavily by the rapid expansion of digital infrastructure. Rather than simply linking 

isolated communities to urban centers, high-speed connectivity is transforming these 

regions into autonomous hubs for decentralized entrepreneurship and inclusive 

growth. Current domestic internet penetration encompasses roughly 958 million 

active users. Driven by aggressive 5G rollouts, this demographic is expected to surpass 

1.03 billion by 2026. Rural demographics ultimately dictate this momentum. With 548 

million active rural users comprising 57 percent of the national user base, digital 

adoption outside major cities is expanding nearly four times faster than in 

metropolitan areas. BharatNet remains the infrastructural backbone for this 

transition. Recent progress reports indicate that over 692,000 kilometers of optical 

fiber cable have been laid across the country, successfully connecting roughly 218,000 

Gram Panchayats. This hardware directly enables critical services like telemedicine, e-

governance, and online education. Parallel to hardware deployment, digitized 

governance architectures—most notably the Aadhaar identity framework paired with 

Direct Benefit Transfers (DBT)—have overhauled welfare distribution by routing 

subsidies directly into beneficiary bank accounts. Financial routing through these 

specific systems reached ₹6.3 lakh crore in the 2023–2024 fiscal year, scaling to ₹7.16 

lakh crore in 2024–2025. Methods: We adopted a quantitative research framework to 

evaluate the localized impact of these macro-level technological shifts. Primary data 

was collected using structured questionnaires administered to a cohort of 100 

respondents across multiple villages within the Mahbubnagar district of Telangana 

State. Results: Empirical analysis confirms a direct correlation between digital 

penetration and localized economic mobility. Expanded internet access creates 

immediate opportunities for students, agricultural workers, and local entrepreneurs. 

Realizing the full potential of these emergent micro-economies, however, requires 

sustained capital investment in regional digital frameworks. Ultimately, digitizing 

rural geographies is not merely a mechanism for localized livelihood enhancement, 

but a non-negotiable requirement for broader national development. 

Keywords: Digital Revolution, Digital Technology, Bharat Net, DBT, Fiber Cable, 

National Development. 
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Introduction: 

Digital infrastructure is fundamentally restructuring rural India. The country now 

hosts one of the most active digital ecosystems globally, reshaping sectors from 

agriculture and healthcare to local governance. Villages once relegated to the 

geographic and economic periphery are transitioning into active centers of 

entrepreneurship and inclusive development.  

Recent projections suggest India’s active internet user base will cross 1 billion by 2026, 

driven largely by the ongoing 5G rollout. Much of this growth originates outside major 

cities. Rural demographics currently account for roughly 548 million users—about 57 

percent of the population. Strikingly, this segment is expanding nearly four times 

faster than urban areas. A 2025 consumer behavior survey, which sampled 87,000 

individuals across 400 towns and 1,000 villages, highlighted a definitive shift. Rural 

citizens are no longer passive consumers. With rising smartphone and laptop access, 

they actively drive the national digital transformation. 

Central authorities manage the core mobile networks, pushing 4G connectivity to 

approximately 95 percent of the population. BharatNet serves as the backbone of this 

rural infrastructure. The project connects roughly 218,000 Gram Panchayats with 

high-speed optical fiber. According to the 2025 progress report, over 692,000 

kilometers of cable have been laid so far. This physical network enables everyday 

access to telemedicine, online education, and e-governance. 

Reliable internet directly improves how welfare schemes function. The Aadhaar digital 

identity system, combined with Direct Benefit Transfers (DBT), deposits subsidies 

straight into beneficiary bank accounts. Programs like PM-Kisan now cover over 116 

million farmers, while MGNREGA boasts a 95 percent Aadhaar linkage rate. This 

integration matters. Village-level audits show the Aadhaar Payment Bridge System cut 

fake beneficiaries by up to 30 percent. Financial transfers hit ₹6.3 lakh crore in 2023-

2024 and jumped to ₹7.16 lakh crore the following year. Programs like the National 

Social Assistance Programme (NSAP) and rural scholarships rely on this exact 

framework. The JAM trinity—Jan Dhan accounts, Aadhaar, and mobile connectivity—

ensures these funds move transparently, overseen by the Central Plan Scheme 

Monitoring System. Meanwhile, platforms like DigiLocker and UMANG centralize 

document security and public service access, just as e-Gram Swaraj forces 

accountability in village administration. 

Artificial intelligence is quietly altering agricultural practices. Farmers deploy AI tools 

to track weather patterns, optimize resource allocation, and predict pest outbreaks. 

This moves operations away from heavy reliance on chemical pesticides, favoring 

efficient water and fertilizer use instead. The result is lower production costs and 

higher yields. National platforms like AgriStack and the India AI Mission support 

these transitions. Government statistics indicate that AI-enabled tools currently assist 
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over 140 million smallholder farmers. By providing real-time advisories, these systems 

help reduce pesticide expenses by 15 to 20 percent. 

A review of recent literature underscores the breadth of this transformation. Kapoor 

(2026) and Singh (2026) observe that digital networks and emerging AI applications 

are effectively bridging the historical urban-rural divide, fundamentally reshaping 

local economies. Arti and De (2025) argue that acquiring digital skills gives rural 

communities tangible bargaining power and long-term financial stability.  

Looking specifically at farming, scholars highlight a shift toward tech-assisted 

sustainability. Saxena (2025) points to technology as the backbone of conservation 

agriculture, while Goutham (2025) views gene editing and digital farming tools as 

avenues for better yields without stressing land resources. Raju and Ojha (2025) note 

that agri-tech startups are actively leading this global redefinition. 

On the commercial and administrative front, Dhyani (2026) finds that digital systems 

vastly improve food safety governance through enhanced monitoring and consumer 

participation. E-commerce is also no longer optional. Schwabe and Grabowska (2022), 

alongside Rathore et al. (2021), argue that digital marketing is an absolute necessity 

for institutional survival. Satinder (2021) and Gnaneshwar (2019) reinforce this, 

detailing how online markets allow small rural businesses to bypass traditional 

barriers and reach global customers. Ultimately, as Venkateswarn (2018) warned, 

integrating these technologies requires a foundational scientific temper; public life 

must be guided by rational, ethical thought rather than blind belief. 

Despite the rapid rollout since India formally launched its digital initiatives in 2015, 

significant gaps remain. This study examines the period from 2015 to 2024 to assess 

actual on-the-ground implementation.  

To contextualize this, we examine Mahbubnagar. Historically known as Palamoor, it 

is the largest district in Telangana by area. Bordered by Ranga Reddy to the north, 

Nagarkurnool to the east, and both Wanaparthy and Jogulamba-Gadwal to the south, 

it serves as an ideal cross-section of rural administration. The National Informatics 

Centre (NIC) in Mahbubnagar actively drives the district's e-Governance agenda. By 

aggressively implementing the e-office project across departments, the NIC has 

cultivated a highly transparent, responsive administrative environment. 

Even with state and central backing, the digital revolution faces obvious hurdles. Poor 

network reliability persists in deeply remote areas. Language barriers prevent non-

English speakers from fully utilizing digital interfaces. High hardware costs and 

inadequate infrastructure continue to restrict broader internet expansion. 

Yet, India's digital transformation remains largely unprecedented. Operating as the 

third-largest digital economy globally, the country has made immense strides in 

empowering users across both urban and rural lines. The Digital India program 
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successfully laid the foundation for the world’s largest digital identity framework, the 

scale of which is detailed in the following table. 

Table-1: Global Ranking                 

     Country  CHIPS Economy        CHIPE CHIPS Combined 

         USA         68.5         61.4           64.5 

         CHN         62.5         52.0           56.1 

         IND           35.9         33.6           34.7 

         SNG          28.5         58.0           41.9 

         UK         26.4         48.1           36.1 

         SKO         25.4         53.8           39.6 

         FRA         24.9         41.1           32.9 

         GER         24.6         45.7           35.1 

         JAP         24.4        38.9           31.8 

         BRA          24.1         402           32.0 

                                             Source: ICRIER- Pros us Centre (IPCISE) 

Table 1 outlines the global distribution across CHIPS and CHIPE indicators. The 

United States holds the leading position, registering a CHIPS economy score of 68.5% 

and a CHIPE score of 61.4%, which nets a combined metric of 64.5%. China follows. 

Its CHIPS economy stands at 62.5% alongside a 52.0% CHIPE score, resulting in a 

56.1% combined average. India, meanwhile, reports notably lower baseline figures: 

35.9% in the CHIPS economy and 33.6% for CHIPE. This yields a combined 

percentage of 34.7%. Yet, when evaluating the broader aggregate performance, India 

captures the eighth spot worldwide. 

Shifting the focus to domestic drivers, rural India operates at a complex intersection 

of demographic volume, rising economic expectations, and swift technological 

integration. Infrastructure and digital connectivity have seen concrete upgrades. Even 

so, fundamental pillars—skill acquisition, social security access, and direct economic 

empowerment—continue to lag. Legacy skill programs consistently fail to address 

localized market demands. Modernized, tech-centric interventions are now stepping 

in to bridge this divide. The Ministry of Skill Development and Entrepreneurship, for 

example, is actively deploying digital hubs tailored for rural learners. A key component 

of this strategy involves leveraging artificial intelligence to scale educational content 

across multiple regional languages. Ultimately, digital penetration is forcing structural 

changes in the rural labor market, generating tangible employment across 

manufacturing, services, and construction. The data supporting these sectoral 

expansions is detailed in the subsequent table. 

Table -2 :Employment Growth in key sectors - Post skilling (2021-2025) 

           Category               Employment % 
1)  Manufacturing                        15 
2)  Services                        20 
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3) constructions                        25 
                                                             Source: Joy, 2025 

                 From the table-2, it is understood that digital technology helps to increase 

employment opportunities in rural areas. Increasing of 15 percent can be seen in the 

case of manufacturing while 20 percent in the case of services. In the same way, 

construction sector providing 25 percent job opportunities. 

The professional people who are having AI knowledge are increasing day by day to 

help the rural people which can be seen from the following table.  

 Table-3: AI professorial over time ( Lakhs) 

                     Years           No of professionals 
                    2023                  4,16,000      
                     2024                  6,00,000 
                     2025                  8,00,000 
                     2026                10,00,000 

                                                  Source: (Dwivedi et al, 2025) 

From the table-3, it is understood that increasing AI professionals who help converting 

vulnerable rural population into enhancing of livelihood stability and strengthening 

social security. There were 4,16,000 professionals in 2023 which increased to 

8,00,000 in 2025 which may go to the level of 1 million in 2026 

The central government has taken a strong policy to prepare rural youth to adopt 

digital technology for future development. The Ministry of Skill Development and 

Entrepreneurship (MSDE) has taken different programs for expansion of digital 

technology in the rural areas which can be in the following table. 

Table-4: Government initiatives and Focus areas                                             

 Name of the Initiative  Target Beneficiaries  
          (In Lakhs) 

      Focus Areas 

1) PMGDSA               639  Digital literacy 
2) Common services 
centres (CSCs) 

 
              530 

 Digital Services & AI 
Training 

3) AI Pragya ( UP )                 10  AI & Data Analysis’s 
Training 

4) India AI Mission                 5.6 AI Skill for CSC 
workforce. 

                                                          Source: MSDE,2025 

From the table-4, it is understood that target employment 639 lakh was fixed under 

PMGDISHA for digital literacy while under CSCs, target was allocated to 530 lakhs. 

However, in the case of AI Pragya (UP), target was given to the extent of 10 lakh 

whereas 5.6 lakh target was given for Indian AI Mission. 
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Table-5 : ABDM Ecosystems’ 

 1)          Central Government 
                         &  
              State Government 
 

 
          Policy Makers. 

         2)      Program Managers. 
                                 & 
                        Regulators 
 

 
         Administrators. 

      3)          Associations 
                            & 
                Development Parters/ NGOs 
     

 
      
        Non-Profit Organizations  

                                                            Source: ADBM, 2025 

Data presented in Table 5 indicate that scaling the Ayushman Bharat Digital Mission 

(ABDM) ecosystem requires coordinated intervention across multiple institutional 

tiers. Central and state policymakers must enact enabling frameworks, while program 

managers and regulatory bodies execute administrative oversight. Institutional 

expansion also depends heavily on external partnerships. Non-governmental 

organizations, civic associations, and corporate entities must actively integrate their 

operational capacities; without this structural cooperation, the ecosystem cannot 

achieve sustainable maturation. 

Examining localized instances of digital adoption provides a tangible perspective on 

these macroeconomic shifts. Several regional precedents illustrate this trajectory: 

1) West Bengal: A 22-year-old resident named Asha exemplifies individual 

socioeconomic mobility through state-sponsored digital literacy programs. By 

acquiring foundational competencies in artificial intelligence and e-commerce, she 

established an online handicraft enterprise. This digital fluency directly facilitated 

sustained household income and enabled her integration into formalized state health 

and pension frameworks. 

2) Sikkim: Yakten stands as a pioneering model of rural technology integration. 

Broadband connectivity now reaches every household in the village, establishing a 

robust infrastructure for ubiquitous online education. 

3) Gujarat: Akodara functions as a fully digitized, cashless micro-economy. Local 

infrastructure natively supports digital transactions, alongside the deployment of 

audiovisual educational tools and surveillance systems within public schools. 

4) Maharashtra: Harisal emerged as a primary smart village prototype following a 

public-private partnership between the state government and Microsoft. The initiative 

Volume 1, Issue 1 (Inaugural & Special Issue), July-September 2026



SOUTH INDIA JOUR s://sea.net.in 

        

  

PUBLISHED BY SOUTHERN ECONOMIC ASSOCIATION (SEA) 44 

 

leveraged unused television spectrum—White-Fi technology—to establish widespread 

rural internet access. 

5) Karnataka: The state government's deployment of the e-Shamata application 

streamlined agricultural supply chains. The platform allows farmers to transmit crop 

data directly to retail networks, thereby optimizing price realization through market 

disintermediation. 

Research Methodology 

For the empirical component of this study, researchers selected the Mahbubnagar 

District of Telangana State as the primary analytical site. The research design utilized 

a stratified sample of 100 participants drawn from across the district. This cohort 

comprised 35 educators, 35 small-scale traders, and 30 agricultural workers. To 

accurately capture baseline digital technology awareness, researchers developed three 

distinct survey instruments tailored to the occupational context of each subgroup. 

Data collection relied on a standard 7-point Likert scale, the aggregate results of which 

are detailed in the subsequent table. 

Table-6: Likert Scale System 

                Response                         Points 
          Strongly disagree                             1 
          Disagree                                 2 
          Disagree to some extent                             3 
          Undecided                             4 
          Agree to some extent                              5 
          Agree                             6 
          Strong agree                             7 

                                                    Source: Author technique. 

This Likert Scale system is applied to gather digital market awareness from the 

respondents of educators, small business holders and farmers who are selected from 

different villages of Mahbubnagar district. The gathered information from 

respondents is shown from the following table. 

Table-7: Growth of Digital Market and Internet Awareness 

                   Category              Response for 100% 
1) Educators                       99 
2) Small traders                       88 
3) Farmers                       75 

                                                                 Source: Survey. 

Table 7 details digital penetration across a 100-person rural sample. Adoption is near-

universal (99%) among educated rural residents, who deploy internet resources across 

a wide spectrum of daily applications. Small-scale traders follow closely, with 88% 

leveraging online tools to scale their commercial output. Even among the farming 
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cohort, 75% rely on mobile connectivity to gather agricultural intelligence. They use 

these networks to track crop disease vectors and identify optimal commodity pricing 

across decentralized markets. 

These empirical findings warrant the rejection of all three foundational hypotheses. 

The data directly contradicts the first premise, confirming instead that rural digital 

markets and internet infrastructure are expanding rapidly. It also invalidates the 

second and third hypotheses regarding state passivity. Federal and regional 

governments are actively widening digital utility access. They are systematically 

migrating legacy economic and civic frameworks into digital ecosystems to elevate 

rural socioeconomic conditions. 

Pushing broadband access outward from metropolitan centers into remote villages 

fundamentally alters how public services operate. It attenuates the historical urban-

rural divide. This localized connectivity directly drives macroeconomic shifts. The 

digital sector's contribution to national income grew from 11.74% in 2022–2023 to 

13.42% in 2024–2025, accelerated by rapid advances in cloud computing and artificial 

intelligence integration. 

Over the past decade, India's digitization strategy has restructured administrative 

governance while laying the structural prerequisites for long-term economic 

expansion. Industrial sectors are aggressively retiring traditional hardware in favor of 

dynamic digital architectures. Assuming these integration rates hold, technology 

infrastructure is projected to account for one-fifth of the national income by 2047. This 

trajectory points toward the continuous generation of novel economic channels, 

securing India a highly competitive foothold in the global digital economy. 
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Abstract: 
 

Socio-economic instability in India’s tribal hill regions remains deeply tied to water 
scarcity, seasonal unemployment, and chronic distress migration. Against this 
backdrop, MGNREGA-funded farm ponds and integrated farming initiatives offer a 
structural countermeasure. Drawing on secondary data from Odisha and 
Chhattisgarh, this analysis evaluates the impact of these water and land interventions 
on agrarian productivity, income variance, and labor mobility. The empirical record 
points to distinct material gains. Expanded irrigation access directly drove paddy 
yields from 2.0 to 3.0 tonnes per hectare. Simultaneously, aquaculture integration 
generated approximately ₹15,000 in supplemental annual household income. This 
localized economic expansion effectively curbed seasonal out-migration by absorbing 
labor locally. Beyond immediate income, adopting integrated systems—combining 
horticulture, poultry, and vegetable cultivation—built broader livelihood resilience. 
Synthesizing these findings suggests a clear policy directive. When MGNREGA aligns 
functionally with state agricultural, tribal welfare, and fisheries departments, the 
resulting synergy anchors ecological resource management to tangible economic 
diversification, ultimately stabilizing vulnerable rural populations. 

Keywords: MGNREGA, Tribal Livelihoods, Farm Ponds, Integrated Farming 
System, Migration, Rural Development, Water Conservation 
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Introduction 

Agrarian precarity remains a defining challenge for India's rural tribal communities. 
Fragmented landholdings, inadequate irrigation networks, and a systemic lack of 
livelihood alternatives trap these populations in cycles of socio-economic 
vulnerability. Consequently, seasonal distress migration becomes a survival 
imperative rather than a choice. Across tribal belts—particularly in Odisha and 
Chhattisgarh—agriculture remains overwhelmingly rain-fed. Relying entirely on 
erratic monsoon patterns renders farming inherently fragile. In Odisha alone, rainfall 
dictates the viability of roughly 62% of cultivable land, while smallholder and marginal 
operations account for over 80% of the farming demographic (Deccan Chronicle, 
2025). Such structural deficits severely compromise agricultural sustainability and 
deepen rural poverty. 

To counter this entrenched vulnerability, the Mahatma Gandhi National Rural 
Employment Guarantee Scheme (MGNREGS) emerged as a catalyst for rural 
infrastructure development. A cornerstone of this intervention in tribal zones is the 
excavation of farm ponds. Far beyond simple water catchment, these structures are 
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engineered to recharge groundwater, secure dry-season irrigation, and enable year-
round cultivation. Over the years, MGNREGS has organically transitioned from a 
rudimentary wage-guarantee mechanism into a comprehensive livelihood strategy 
(India Water Portal, 2024). 

These ponds frequently serve as anchors for integrated farming systems (IFS). By 
coupling traditional cultivation with aquaculture, poultry, duck rearing, and 
horticulture, tribal farmers break free from the risks of precarious monoculture. 
Diversification breeds resilience. The Ministry of Tribal Affairs (2024) documents that 
such pond-facilitated integration significantly boosts household income while 
solidifying livelihood security. However, this success rarely occurs in a vacuum. It 
relies heavily on institutional convergence—synchronizing the efforts of agriculture, 
fisheries, veterinary, and tribal welfare departments. This multi-agency coordination 
streamlines implementation, guaranteeing that marginalized farmers receive essential 
training, inputs, and market access. Accordingly, this study examines the cascading 
socio-economic impacts of MGNREGS-supported farm ponds and IFS on tribal 
livelihoods, specifically regarding distress migration, income diversification, and 
agricultural modernization. 

Review of Literature 

Existing scholarship extensively documents how MGNREGS interventions alleviate 
rural poverty and build agrarian resilience. While early literature largely examined the 
program through the lens of temporary wage employment, contemporary research 
pivots toward asset creation—specifically hydro-agricultural infrastructure and 
livelihood diversification. 

In Chhattisgarh, the construction of over 76,000 MGNREGS farm ponds catalyzed a 
measurable shift in regional agricultural output. Improved irrigation networks directly 
correlated with higher rice yields and enhanced groundwater recharge, fundamentally 
stabilizing tribal livelihood security (India Water Portal, 2024). Similar outcomes 
surfaced in Odisha's Gumma Block. Over a two-year period, the excavation of 200 
farm ponds incentivized the adoption of integrated systems combining aquaculture, 
poultry, and horticulture. This transition not only elevated household incomes but 
distinctly curtailed reliance on seasonal out-migration, an outcome researchers 
heavily attribute to robust inter-departmental convergence (Ministry of Tribal Affairs, 
2024). 

Micro-level studies reinforce these macro trends. Research by PRADAN (2024) in 
Masulpani village, Chhattisgarh, quantified the economic utility of these 
interventions. Following the introduction of pond irrigation, local paddy productivity 
surged from two to three tonnes per hectare. Concurrently, fish farming injected an 
average supplementary income of ₹15,000 per household annually. As localized 
economic opportunities expanded, distress migration plummeted. 

Broader analyses situate these localized gains within wider economic frameworks. 
ICRISAT-VDSA (2023) highlights the capacity of MGNREGS to absorb surplus labor 
during agricultural lean seasons. Even when scheme wages fell below private market 
rates, the guaranteed income effectively buffered vulnerable families against severe 
financial shocks. Integrated farming literature further contextualizes these socio-
economic benefits. Pond-centric polyculture optimizes water use efficiency, fosters 
biodiversity, and minimizes external input costs, establishing a steady revenue stream 
for marginal producers (IJFMR, 2025).  
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The sheer necessity of such interventions becomes glaringly apparent when examining 
the primary drivers of the rural exodus. A 2024 Gram Vikas report revealed that nearly 
70% of tribal families in heavily affected regions possessed a history of seasonal labor 
migration. The primary catalysts? Irrigation deficits, rampant unemployment, 
negligible agricultural income, and climate volatility. 

Despite the documented success of MGNREGS-backed IFS in driving agricultural 
efficiency and curbing migration, existing literature remains heavily localized and 
predominantly descriptive. A distinct empirical gap exists regarding the socio-
economic dynamics of convergence-based livelihood models in topography-
challenged, tribal-dominated regions. 

Objectives of the Study 

1. To evaluate the efficacy of MGNREGA-funded farm ponds in mitigating 
distress migration among rural tribal populations. 

2. To analyze how integrated farming systems influence income diversification 
and household livelihood security. 

3. To quantify the impact of hydro-agricultural interventions on crop 
productivity and localized water conservation. 

4. To assess the structural role of inter-departmental convergence in executing 
tribal rural development initiatives. 

Research Methodology 

This research adopts a descriptive-analytical framework grounded in secondary data 
analysis. Source materials encompass government reports, institutional case studies, 
peer-reviewed academic literature, and rural livelihood assessments evaluating 
MGNREGA interventions. The geographic focus centers on tribal-majority districts in 
Odisha and Chhattisgarh, regions characterized by extensive farm pond development 
under the employment guarantee scheme. 

To ascertain the socio-economic impact of these hydro-agricultural assets, the study 
employs comparative analyses of pre- and post-intervention livelihood indicators. 
Core variables include agricultural yield fluctuations, migration frequency, irrigation 
accessibility, income diversification, and aggregate household revenue. Shifts in 
agricultural productivity and corresponding declines in out-migration are quantified 
using percentage analysis and standard growth rate metrics, providing an empirical 
foundation for assessing the true efficacy of pond-based integrated farming systems. 

 

Formula for Percentage Change 

Percentage Change =
Post-Intervention Value − Pre-Intervention Value

Pre-Intervention Value
× 100 

 

Formula for Migration Reduction Rate 

Migration Reduction Rate =
Initial Migration Rate − Final Migration Rate

Initial Migration Rate
× 100 
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These formulas were used to estimate the percentage increase in crop productivity and 
the reduction in migration among tribal households after the intervention. The study 
also applies comparative statistical analysis to understand the relationships among 
water conservation, integrated farming systems, and livelihood sustainability. The 
analysis is supported by statistical evidence collected from government documents 
and development reports published by institutions such as the Ministry of Tribal 
Affairs, PRADAN, India Water Portal, and rural livelihood organisations. 

Study Indicators 

Variable Measurement Indicator 

Agricultural 
Productivity 

Paddy yield per hectare 

Migration Percentage of migrating households 

Livelihood 
Diversification 

Number of income-generating 
activities 

Income Enhancement Additional annual household income 

Water Security Access to irrigation facilities 

The selected indicators help measure the socio-economic impact of MGNREGA-
supported farm ponds and integrated farming systems on tribal livelihoods and rural 
development. 

Results and Discussion 

Data from the surveyed districts in Odisha and Chhattisgarh highlight a distinct socio-
economic restructuring among tribal populations following the introduction of 
MGNREGA-backed farm ponds and integrated farming systems. These agro-
ecological interventions achieved much more than basic water conservation. They 
acted as a structural buffer against rural poverty. By expanding irrigation access and 
diversifying revenue streams, the initiative fundamentally transformed simple 
catchment sites into localized engines for sustainable livelihood generation. 

1. Mitigation of Distress-Driven Out-Migration 

Historically, the agricultural lean season forced an austere economic reality upon these 
communities. Prior to the availability of localized water infrastructure, nearly 30% of 
the surveyed tribal households engaged in cyclical out-migration. Entire families 
abandoned their homes annually, seeking precarious wage labor in neighboring states 
just to survive. Halting this distress-induced exodus served as the primary rationale 
for the intervention. 

Empirical observations post-implementation indicate a steep collapse in such 
transient labor movements. The underlying mechanism is primarily infrastructural. 
Because new reservoirs extended the viable growing season, cultivators were no longer 
held hostage by strict monsoon dependency.  

Complementary agrarian operations—specifically aquaculture, poultry rearing, and 
high-yield vegetable cultivation—took root alongside traditional cropping. This 
strategic integration effectively manufactured a year-round micro-economy within the 
village limits. With immediate food security and localized income generation 
stabilized, the structural drivers of seasonal displacement broke down entirely. 
Families remained geographically anchored, sustained by a continuous cycle of 
agricultural productivity. 
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The data indicate a 100% reduction in migration among beneficiary households. This 
improvement was mainly due to better irrigation, local employment generation, and 
diversified livelihood opportunities created through integrated farming systems. 

2. Income Diversification and Livelihood Security 

The research also suggests that household income diversification is enhanced as a 
result of integrated farming system. Prior to intervention, the majority of tribal 
households relied mainly on seasonal rain-fed paddy cultivation, generating little 
income or employment. Farmers participated in many livelihoods after the 
intervention: Fish farming. Poultry farming. Duck rearing. Vegetable cultivation. 
Horticulture. Livestock rearing. Those types of activities provided a steady source of 
cash income and lessened reliance on a single income source. In some villages, fish 
farming alone provided nearly ₹15,000 additional annual income per household.  
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The intervention improved livelihood resilience by creating multiple income 
opportunities. Tribal households became less vulnerable to crop failure and seasonal 
unemployment. Diversified farming also improved food security and household 
savings. 

3. Agricultural Productivity and Water Conservation 

The construction of farm ponds significantly improved irrigation availability in the 
study areas. Rainwater harvesting through ponds helped farmers irrigate crops during 
dry periods and reduced dependence on monsoon rainfall. The study observed that 
paddy productivity increased from 2 tonnes per hectare before intervention to 3 tonnes 
per hectare after intervention. This represents a 50% increase in agricultural 
productivity. 

Formula Used for Productivity Growth 

Percentage Increase =
Post-Intervention Yield − Pre-Intervention Yield

Pre-Intervention Yield
× 100 

=
3 − 2

2
× 100 

= 50% 
The increase in productivity was mainly due to improved irrigation support, greater 
water availability, and the adoption of more efficient farming practices. 

4. Departmental Convergence and Rural Development 

The study found that convergence between different government departments played 
an important role in strengthening implementation outcomes. Departments such as 
agriculture, fisheries, horticulture, veterinary services, and tribal welfare worked 
together to provide technical support, training, seedlings, livestock, fish fingerlings, 
and market linkages. This integrated institutional approach improved the 
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effectiveness of MGNREGA interventions and strengthened rural livelihood 
development. 

 

Table 1: Major Statistical Findings of the Study 

Indicator Before 
Intervention 

After 
Intervention 

Percentage 
Change 

Paddy Yield (t/ha) 2.0 3.0 +50% 
Migration Rate (%) 30% 0% −100% 
Fish Farming 
Income (₹/year) 

0 15,000 Income Generated 

Irrigation Access Low High Significant 
Improvement 

Income Sources Single Multiple Diversified 
Source: Author’s compilation based on PRADAN (2024), Ministry of Tribal Affairs 
(2024), and India Water Portal (2024). 

Empirical evidence surrounding MGNREGA-funded hydrological infrastructure 
points to a structural shift in rural tribal economies. Developing localized irrigation 
capacity does more than augment crop yields; it fundamentally diversifies agrarian 
income networks and anchors vulnerable populations. Farm ponds transcend mere 
water conservation. When coupled with polyculture practices, these structures mature 
into durable economic assets. Farmers gaining access to reliable irrigation rapidly 
adopt ancillary food production models—specifically aquaculture, aviculture, and 
horticulture.  

Consequently, distress out-migration drops sharply. Historically, marginal 
agricultural returns forced tribal households into seasonal labor migration. With 
localized, reliable employment and viable farming alternatives, this pressure 
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dissipates. Institutional alignment dictates the success of these programs. 
Interdepartmental synergy across agriculture, veterinary services, and tribal welfare 
directly influences both implementation efficacy and community buy-in. Marrying 
water infrastructure with integrated farming offers a highly replicable template for 
poverty alleviation and resilient rural development across India's hilly terrains. 

 

Policy Implications 

Outcomes from this intervention necessitate a recalibration of rural development 
paradigms, particularly concerning labor retention and climate-resilient agriculture. 
Extending cluster farm pond networks across drought-prone upland geographies 
remains an immediate priority. Given that monsoon dependency still dictates tribal 
agricultural cycles, engineered groundwater regeneration provides critical year-round 
water security, stabilizing cropping intensity.  

Beyond infrastructure, state and indigenous agencies must actively incubate 
integrated farming architectures. Expanding beyond monoculture to include 
aquaculture, livestock management, and horticulture insulates household economies 
against single-crop failures. Structural implementation, however, requires aggressive 
knowledge transfer. Agronomic modernization depends on sustained technical 
extension programs—field demonstrations and localized training camps—to bridge 
the knowledge gap surrounding market-oriented land and water management. 

Market linkages require equal attention. Overcoming the persistent friction tribal 
cultivators face when liquidating perishable goods demands robust institutional 
backing. Strengthening cooperative frameworks and tribal producer organizations can 
secure equitable pricing models. Furthermore, the convergence strategy observed in 
successful interventions demands formal policy institutionalization. Siloed 
administrative functions must yield to integrated frameworks where rural 
development, fisheries, and veterinary departments operate in tandem. This unified 
administrative posture naturally complements broader climate-resilience goals. By 
harvesting runoff, farm ponds expand catchment viability and buffer localized 
ecosystems against shifting meteorological patterns. 

Primary Findings 

Several specific metrics characterize the intervention's success: 

1. Localized employment generation through farm pond construction directly 
mitigated seasonal tribal out-migration. 

2. Transitioning to integrated systems diversified livelihood portfolios, 
embedding structural resilience via concurrent fish, poultry, and vegetable 
yields. 

3. Baseline paddy productivity surged from 2.0 to 3.0 tonnes per hectare—a 50% 
aggregate gain linked directly to stabilize irrigation. 

4. Select intervention clusters reported supplementary annual household incomes 
of ₹15,000 exclusively from aquaculture. 

5. Infrastructure investments successfully localized water retention, widening 
irrigation access and permitting higher cropping intensities. 
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6. Administrative convergence optimized resource delivery and amplified overall 
livelihood improvements. 

7. The collective framework diminished poverty exposure, secured livelihood 
baselines, and renewed indigenous engagement with agrarian enterprise. 

 

Synthesis and Outlook 

MGNREGA-backed farm ponds, deployed alongside integrated agriculture, represent 
a highly effective structural model for tribal uplift. Prior to intervention, these 
populations navigated chronic water deficits, marginal yields, and seasonal 
unemployment—the primary drivers of persistent distress migration. By re-
engineering local hydrology, the initiative catalyzed a shift toward polyculture. 
Sustaining household economies through concurrent streams of horticulture, 
livestock, and aquaculture not only raised baseline incomes but stabilized community 
dynamics.  

Arresting seasonal migration stands as the most consequential social dividend. 
Retaining families within their native ecologies allows for uninterrupted agricultural 
productivity, fostering both localized economic velocity and broader social cohesion. 
Sustainable tribal development ultimately hinges on administrative convergence. 
Local governance models must dismantle operational silos to mirror the multi-
disciplinary nature of rural economies. Treating MGNREGA farm ponds strictly as 
ecological conservation tools underestimates their utility. They are foundational 
livelihood assets. Integrating these hydrological structures with diverse farming 
practices establishes a scalable, climate-resilient architecture capable of transforming 
India's most vulnerable agrarian frontiers. 
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  “பாருக்குள்ளள நல்ல நாடு - எங்கள்பாரத நாடு” –Subramaniya 
Bharathiyar, The Tamil Poet and Freedom Fighter. According to Subramaniya 
Bharathiyar, a Well known Tamil Poet as well as Freedom Fighter from Tamil Nadu, 
who had written  that  “Our Bharat is the Better Country  in the World” 
(www.tamilvu.org). Another Well Known Tamil Poet Kavijhar Kannadasan, who  had 

written   that, “என்ன வளம் இல்லல இந்தத் திருநாட்டில், ஏன் லகலை 

ஏந்த ளவண்டும் வவளிநாட்டில்?”  Centuries of historical records point to a 
singular economic paradox regarding the Indian subcontinent. How did a region once 
characterized by unparalleled agricultural, mineral, and intellectual wealth ultimately 
suffer a devastating collapse in its global economic standing? British macroeconomic 
historian Angus Maddison spent much of his career quantifying this decline. By 
compiling historical datasets that track global GDP and population over centuries, 
Maddison demonstrated that India and China anchored the world economy long 
before the Industrial Revolution. From roughly 1 CE to 1700 CE, India controlled 
between 25 and 33 percent of global GDP, operating as a dominant manufacturing and 
trade hub. Under British colonial rule, this share plummeted. By 1950, India 
accounted for a mere 3 percent of global income. The data paints a stark picture of a 
highly productive civilization transforming into a distressed, stagnant economy. 

Economic historians traditionally focus on the British Raj when discussing the 
systematic exploitation of Indian wealth. Widespread resource extraction, however, 
began much earlier. Starting around 1000 AD, repeated invasions severely depleted 
the subcontinent's capital. Mahmud of Ghazni led seventeen brutal raids between 
1000 and 1027 AD. Rather than seeking territorial expansion, he specifically targeted 
affluent Northern Indian temple towns like Mathura and Somnath to finance the 
construction of his capital in Ghazni. Muhammad Ghori’s subsequent campaigns in 
the late twelfth century went beyond mere plunder. Following his victory at the Second 
Battle of Tarain in 1192, Ghori established enduring foreign political control over 
northern India. This initiated centuries of foreign dominance, continuing through the 
Delhi Sultanate (1206–1526) and the Mughal Empire (1526–1857). 

Even during periods of relative domestic stability, wealth was frequently extracted or 
violently concentrated. Persian ruler Nadir Shah looted an estimated 700 million 
rupees from the Mughal Empire in 1739—a sum so massive he suspended taxation in 
Persia for three years. Meanwhile, severe taxation under emperors like Akbar and 
Aurangzeb created extreme wealth inequality. A tiny ruling class hoarded capital while 
the broader populace was left in desperate poverty, a reality heavily documented by 
seventeenth-century French traveler François Bernier. 

This long history of extraction accelerated and became deeply institutionalized under 
European colonization. The British East India Company arrived in 1608, gradually 
transitioning from a trading entity to a sovereign power after the 1757 Battle of Plassey. 
Dadabhai Naoroji formally conceptualized the devastating economic impact of this 
period in his 1867 work, Poverty and Un-British Rule in India. He argued that Britain’s 
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exorbitant administrative costs, military expenditures, and unreciprocated export 
models continuously drained Indian capital. Colonial taxes actively funded the 
purchase of Indian goods for British export. Indian taxpayers subsidized imperial wars 
and high-interest loans for railway projects designed entirely to facilitate resource 
extraction. Naoroji estimated this drain at roughly £30 million annually by the late 
nineteenth century. He was uncompromising in his assessment. The railways did not 
modernize India; they accelerated its impoverishment by ensuring locals labored while 
foreign interests consumed the profits. 

Modern economic historians have attempted to quantify this colonial extraction more 
precisely. Utsa Patnaik calculates that Britain drained roughly $45 trillion from India 
between 1765 and 1938. By manipulating tax revenues to finance colonial trade, 
Britain effectively acquired Indian goods for free. This capital fueled British 
industrialization while forcing Indian deindustrialization. More recently, a 2025 
Oxfam International report suggested this figure might be closer to $64.82 trillion for 
the period between 1765 and 1900 alone. The numbers remain fiercely debated. Yet 
the underlying mechanism is undeniable. By the time the British departed in 1947, a 
massive wealth transfer had permanently altered the trajectory of global economic 
power. 

Professor Irma Adelman previously forecasted that the twenty-first century would 
belong entirely to China and India. Understanding India’s current economic strategies 
requires comparing its post-colonial trajectory with China’s aggressive expansion. 
China suffered its own severe imperial exploitation, formalized by the 1842 Treaty of 
Nanking following the First Opium War, which ceded Hong Kong to the British. 
Following World War II and the subsequent establishment of Bretton Woods 
institutions like the World Bank and IMF, global economic structures shifted 
dramatically. While Hong Kong developed into a massive hub for Foreign Direct 
Investment (FDI) under British control, mainland China underwent its own radical 
transformations. 

Following Mao Zedong’s death and the end of the devastating Great Chinese Famine, 
Deng Xiaoping introduced sweeping economic reforms in 1978. Emulating the success 
of Hong Kong and Taiwan, China established Special Economic Zones (SEZs) to attract 
massive FDI. The results were unprecedented. Over forty-five years, rapid 
industrialization lifted nearly 800 million people out of poverty. China leveraged 
massive trade surpluses into foreign exchange reserves currently exceeding $4.17 
trillion. These reserves now fund major domestic infrastructure, like the Three Gorges 
Dam, and expansive geopolitical strategies, including the $679 billion Belt and Road 
Initiative and the China-Africa Development Fund. Today, China stands as the world's 
largest economy by purchasing power parity ($41.24 trillion) and a dominant 
developed nation. 

In stark contrast, India opened its economy to global markets much later, in 1991. 
Despite decades of liberalization, profound structural economic challenges persist. 
The International Monetary Fund's recent World Economic Outlook projects India’s 
nominal GDP at approximately $4.15 trillion for 2026, ranking it the sixth largest 
global economy. Yet per capita income remains low, hovering around 149th globally. 
To address this, the current Indian administration under Prime Minister Narendra 
Modi has introduced extensive policy frameworks aimed at mirroring the scale of 
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China’s late-twentieth-century economic miracle, targeting advanced nation status by 
2047. 

This research investigates the scope, viability, and implementation of these 
contemporary developmental policies. By situating India’s modern economic strategy 
within its broader historical context of systemic wealth drain and contrasting it with 
China’s rapid industrialization, this study evaluates the structural reforms necessary 
to sustain long-term economic sovereignty. 

Table1: According to the International Monetary Fund's April 2026 outlook, 
India is now the 6th largest economy. 

Global Rank Country Nominal GDP 
1st United States $32.38 trillion 
2nd China $20.85 trillion 
3rd Germany $5.45 trillion 
4th Japan $4.38 trillion 
5th United Kingdom $4.26 trillion 
6th India $4.15 trillion 
7th France $3.6 trillion 
8th Italy $2.74 trillion 
9th Russia $2.66 trillion 
10th Brazil $2.64 trillion 

Source: IMF World Economic Outlook, April 2026 

Since gaining independence, India has experienced profound structural and social 
transformations. The demographic and developmental metrics tell a compelling story 
of upward mobility. In 1947, the average Indian citizen was expected to live just 32 
years. Today, projections for the middle of this decade push that figure past 70 years, 
steadily closing the gap with global averages. Literacy has followed a similar trajectory, 
expanding from a mere 16 percent at independence to over 80 percent recently, driven 
by significant gains in both male and female educational access.  

Beyond basic human development indicators, the country has achieved substantial 
scientific and agricultural milestones. Breakthroughs in space exploration, such as the 
Chandrayaan-3 mission, and critical contributions to global health through the rapid 
manufacturing of COVID-19 vaccines highlight a maturing scientific infrastructure. At 
the same time, earlier initiatives like the Green, White, and Blue Revolutions 
fundamentally altered the nation's food security landscape. Food grain production 
surged from a fragile 50.5 million tonnes in 1950 to an estimated 357 million tonnes 
in recent years, cementing India's position as a leading global producer of milk, fish, 
and horticulture. 

Digital expansion tells a similar story. With internet penetration crossing the 70 
percent mark and a user base exceeding one billion, the country has positioned itself 
as a primary digital economy. Adoption of digital payments, e-governance 
infrastructure, and broadband integration places India just behind the United States 
and China in terms of sheer digital scale. 
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Yet, this macroeconomic success masks persistent structural deficits. Decades of 
growth have not entirely resolved systemic vulnerabilities. Severe regional imbalances, 
income inequality, and a heavily burdened agricultural sector complicate the national 
narrative. Over half the workforce remains tied to agriculture and allied activities—a 
sector struggling with diminishing profitability, fragmented markets, and chronic 
farmer debt. Manufacturing continues to lag, contributing under 20 percent to the 
GDP, which restricts the absorption of excess rural labor. Large-scale migration to 
urban centers in search of livelihood often results in heavily strained city 
infrastructure. While poverty and infant mortality have declined sharply, issues 
surrounding malnutrition, healthcare access, and wealth disparities demand 
aggressive policy intervention. 

Addressing these deep-rooted issues requires a long-term strategic pivot. This is the 
premise behind 'Amrit Kaal'—a developmental blueprint spanning the next 25 years, 
aimed at achieving 'Viksit Bharat' (Developed India) status by 2047, the centenary of 
independence. Rooted in Vedic astrology, the term translates to an auspicious era of 
prosperity. As articulated by the current administration, the core objective of this 
period is to aggressively reduce economic disparities, integrate rural populations into 
the mainstream economy, and minimize dependency on state welfare through 
technological empowerment. 

To bridge the gap between a developing status and the conventional benchmarks of an 
advanced economy—which generally necessitate a per capita GDP exceeding $22,000, 
compared to India's current fraction of that amount—the government has laid down 
an extensive matrix of policy pillars. The foundational 'Atmanirbhar Bharat' (Self-
Reliant India) framework prioritizes five areas: Economy, Infrastructure, Technology-
Driven Systems, Demography, and Demand. This was later expanded by successive 
budgets to include inclusive growth, human capital innovation, and maximum 
governance with minimum government interference. 

Realizing that high-level economic targets are unattainable without world-class 
logistics, the administration introduced the PM Gati Shakti National Master Plan. This 
initiative serves as a coordinated approach to infrastructure development, focusing on 
seven engines of growth: railways, roads, ports, waterways, airports, mass transport, 
and logistics infrastructure. By breaking down departmental silos, the framework 
attempts to bring logistics costs down from 14 percent of the GDP to a far more 
competitive 8 percent by 2030. 

Interestingly, the political and economic narrative has recently shifted from 'Amrit 
Kaal' to 'Kartavya Kaal'—the Era of Duty. This linguistic pivot carries significant 
philosophical weight. While Amrit Kaal suggests a period of abundant pleasure and 
rights, Kartavya Kaal demands responsibility from the citizenry. The strategy echoes 
Amartya Sen’s capability approach, which argues that poverty alleviation should focus 
on empowering individuals rather than merely distributing welfare. By linking public 
emotion and duty to national policy, the government is attempting to foster a self-
sustaining environment where citizens view themselves as accountable partners in 
nation-building. 

Over the past decade, this philosophy has materialized through massive, targeted 
interventions across various sectors: 
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Financial Inclusion and Entrepreneurship: The Pradhan Mantri Jan Dhan Yojana has 
revolutionized financial access, bringing nearly 58 crore unbanked citizens into the 
formal financial system, with a majority being women and rural residents. These 
accounts enabled the Direct Benefit Transfer (DBT) system, effectively eliminating 
middlemen and plugging leakages in state subsidies. Complementing this, the 
MUDRA Yojana has aimed to 'fund the unfunded.' By extending over 57 crore 
collateral-free loans to micro and small enterprises, the scheme has democratized 
credit access, particularly for marginalized communities. 

Infrastructure and Connectivity: The national highway network has seen aggressive 
expansion, growing by roughly 60 percent since 2014 to become the second largest 
globally. Massive investments in corridors, expressways, and rural roads under the 
Pradhan Mantri Gram Sadak Yojana have improved market access for farmers and 
integrated remote areas with urban economic hubs. Concurrently, efforts to achieve 
100 percent rural electrification have addressed decades-old power deficits, replacing 
chronic shortages with renewable energy targets. 

Social Welfare and Health: Recognizing that out-of-pocket healthcare costs are a 
primary driver of poverty, the Ayushman Bharat scheme was launched to provide 
universal health coverage to vulnerable demographics. Sanitation has also seen 
historic shifts through the Swachh Bharat Mission, which dramatically increased toilet 
coverage and pushed the country toward open-defecation-free status. Housing deficits 
are being addressed through the PM Awas Yojana, sanctioning tens of millions of 
homes for lower-income families. 

Agricultural Restructuring: The approach to agriculture has transitioned from viewing 
farmers merely as welfare recipients to treating them as economic stakeholders. 
Central expenditure on agriculture has multiplied, backing initiatives like the PM-
KISAN direct income support scheme and the PM Fasal Bima Yojana for crop 
insurance. The integration of digital markets (e-NAM) and the aggressive push for 
agricultural exports—which recently crossed the $50 billion threshold—indicate a 
structural shift toward value addition and global supply chain integration. 

Food Security: The Pradhan Mantri Garib Kalyan Anna Yojana (PMGKAY), initially a 
pandemic-era relief measure, has been extended to provide free, fortified food grains 
to over 80 crore citizens. The transition to supplying fortified rice across all public 
distribution networks specifically targets the country's historic battles with anemia 
and micro-nutrient deficiencies. 

Global Integration: On the foreign policy front, India has actively expanded its 
geopolitical and economic footprint. The government has aggressively pursued Free 
Trade Agreements (FTAs) with regions including the UAE, Australia, and European 
nations, moving away from historic protectionism. Leadership roles in forums like the 
G20 have allowed the country to position itself as the voice of the Global South, 
advocating for climate justice and equitable trade. 

The roadmap to 2047 requires India to sustain unprecedented growth rates, heavily 
scale its manufacturing capabilities in frontier sectors, and ensure its demographic 
dividend is equipped with relevant, future-proof skills. Projections indicate that if 
these infrastructural and economic engines maintain their momentum, India is poised 
to become a $40 trillion economy by mid-century.  
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The transition from a developing nation to a global economic powerhouse is rarely 
linear. It requires navigating complex domestic inequalities while adapting to volatile 
global dynamics. However, the foundational strategies established over the last 
decade—anchored in technological integration, infrastructural expansion, and a 
renewed emphasis on civic duty—provide a highly credible blueprint. If executed with 
precision, the vision of a fully developed, self-reliant India by its hundredth year of 
independence is not just a political aspiration, but a tangible economic inevitability. 
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Abstract 

The dairy industry in Karnataka considers a critical component of the agrarian 
economy, serving as a primary source of income for millions of rural households. This 
study examines the performance dynamics and economic viability of the dairy sector 
in Karnataka, with a particular emphasis on cost-benefit analysis across varying 
production systems and institutional frameworks. Drawing on both primary data from 
dairy farmers and secondary sources, the research investigates key performance 
indicators such as milk yield, processing capacity, revenue generation, and 
technological efficiency. Comparative analysis reveals that modernized dairy units and 
private sector dairies generally outperform their traditional and cooperative 
counterparts in terms of profitability and productivity, primarily due to greater 
investment in technology and infrastructure. However, structural challenges such as 
inadequate cold chain infrastructure, feed shortages, veterinary service gaps, and 
policy implementation hurdles continue to constrain sectoral efficiency. The study 
further utilizes Data Envelopment Analysis (DEA) and descriptive statistics to 
highlight disparities in operational performance. The findings offer critical insights for 
policymakers; dairy cooperatives, and private stakeholders to foster sustainable 
growth and improve competitiveness in Karnataka's dairy sector. 

Keywords: Dairy Industry. Karnataka Cost-Benefit Analysis, Productivity, 
Technological Adoption, Cooperative vs Private Dairies. 

 

Introduction 

Overview of the dairy industry in India and Karnataka 

India’s agricultural economy leans heavily on dairy production. It provides mass 
employment, generates steady income, and ensures nutritional security across the 
subcontinent. Today, India leads global milk output, accounting for roughly 23% of 
the world’s supply (National Dairy Development Board [NDDB], 2023). Smallholder 
farming networks and localized cooperatives drive this massive expansion. Karnataka 
stands out in this landscape. Ranking among the top producers in southern India, 
districts like Mandya, Hassan, and Belagavi generate immense volume. State 
processing capacities have scaled aggressively alongside this raw output (Department 
of Animal Husbandry & Veterinary Services, 2022). 

Objectives and research questions 

This research evaluates the economic realities of Karnataka's dairy industry, focusing 
strictly on cost-benefit metrics. We examine three core areas. First, we assess the 
current operational and economic performance of local dairy enterprises. Next, we 
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apply a cost-benefit analysis across traditional, semi-modern, and modern production 
frameworks. Finally, we map the exact structural barriers limiting sector profitability. 

These objectives prompt three specific research questions: 

1. What exact costs and revenues define Karnataka’s varied dairy models? 

2. How do technology adoption and operational scale alter profit margins? 

3. What institutional hurdles do regional stakeholders confront daily? 

Dairy remains the economic backbone of rural Karnataka. It offers reliable, continuous 
income, especially for landless laborers and female-headed households, which keeps 
rural poverty in check. Over 65% of Karnataka’s rural households raise livestock, with 
dairying acting as the primary anchor (Department of Animal Husbandry and 
Veterinary Services, 2022). Macroeconomically, the sector contributes around 4% to 
the state's agricultural Gross State Domestic Product (GSDP). It feeds downstream 
processing industries and heavily strengthens regional food security (NABARD, 2021). 

Literature review 

Overview of prior research on dairy sector performance 

Academic and policy researchers frequently examine dairy economics, given its direct 
link to rural livelihood. Historical data proves that since the rollout of Operation Flood, 
Indian milk availability has surged (Chand, Birthal, & Negi, 2019). Singh and Datta 
(2018) note that dairy operations resist agricultural recessions far better than crop 
farming, offering marginal farmers critical financial stability. In Karnataka 
specifically, cooperative structures effectively guarantee fair pricing and access to 
processing facilities (KMF, 2022; Raju & Hegde, 2020). 

Yet, systemic inefficiencies remain. Babu (2020) points to fragmented supply chains, 
clustered infrastructure, and a stark lack of value-added market penetration. 
Consequently, productivity and profits vary wildly across state districts and individual 
production systems. 

Cost structures and profitability in dairy enterprises 

Profitability hinges on a few distinct variables. Feed costs, veterinary care, labor, and 
herd size ultimately dictate the margins. According to Birthal and Jha (2019), feed and 
fodder eat up 60-70% of variable costs in smallholder setups, which aggressively 
shrinks net returns. In Karnataka, farmers linked to cooperatives generally face lower 
transaction and marketing overhead than those operating independently in 
unorganized markets (Gowda & Reddy, 2017). 

Input-output price imbalances compound these issues. Many marginal farmers 
struggle with scale, failing to cover overheads when production dips below break-even 
thresholds. Ramesh and Chand (2021) argue that without targeted institutional credit 
for mechanization, true commercial scalability remains out of reach for the average 
producer. 

Research methodology 

Area of study 

The investigation centers on Karnataka, a dominant force in India's milk production. 
We selected Mandya district as the primary focal point. Mandya is heavily agrarian, 
features exceptionally high milk density, and hosts an extensive network of dairy 
cooperatives. Historically, the district anchored the Karnataka Milk Federation (KMF) 
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expansion, making it a perfect cross-section for comparing cooperative and private-
sector operations (KMF, 2022). 

Sampling technique and sample size 

A stratified purposive sampling framework captured a cross-section of the value chain. 
The sample comprises: 

1. 120 dairy producers (ranging from marginal to semi-commercial scale). 

2. 15 processors spanning private and cooperative sectors. 

3. 10 cooperative society representatives across village and taluk levels. 

Mixing producers with processors guarantees a comprehensive, two-sided cost-benefit 
evaluation (Rao & Srinivas, 2021). 

Data sources 

Data collection blended primary and secondary methods. We gathered primary data 
via field interviews, focus groups, and structured surveys. These tools tracked input 
expenses, revenue, market linkages, and technology use. Secondary data came from 
official KMF reports, the NDDB, and state veterinary publications. 

Analytical tools used 

Analytically, the project relied on Cost-Benefit Analysis (CBA) to test the economic 
viability of distinct dairy systems. By weighing total production costs against returns 
per unit of milk, metrics like the Benefit-Cost Ratio (BCR) and Net Present Value 
(NPV) quantified absolute profitability (Birthal & Jha, 2019). Combining qualitative 
insights with hard quantitative data paints a highly accurate picture of sector 
performance. 

Performance analysis of the dairy industry 

Assessment of key performance indicators 

Over the last ten years, Karnataka’s dairy output expanded rapidly. Total state 
production jumped from 7.9 million tonnes in 2018-19 to 12.83 million tonnes by 
2022-23. Because of this surge, state per capita milk availability hit 483 grams daily, 
comfortably clearing the 459-gram national average. 

Processing infrastructure grew in tandem. The KMF and competing private dairies 
scaled operations to absorb the excess yield. Economically, the state's dairy market sat 
at an estimated INR 1,206.3 billion in 2024. Current forecasts predict this figure will 
climb to INR 3,575.9 billion by 2033, driven by a 12.19% compound annual growth 
rate (CAGR). The KMF drives much of this momentum, commanding the processing 
capabilities necessary to sustain long-term regional growth. 

 

Table 1: Key performance indicators of Karnataka's dairy industry 

Indicator Value Year 

Total Milk Production 12.83 million tonnes 2022-23 

Per Capita Milk Availability 483 grams/day 2022-23 

Dairy Market Size INR 1,206.3 billion 2024 
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Projected Market Size INR 3,575.9 billion 2033 

Market Growth Rate 
(CAGR) 

12.19% 
2025-
2033 

KMF Revenue 
Over INR 17,000 
crore 

2022-23 

Processing Capacity (KMF) 8.4 million litres/day 2022-23 

Milk Procurement (KMF) 8.4 million litres/day 2022-23 

Milk Marketing (KMF) 7.5 million litres/day 2022-23 

Number of Dairy 
Cooperatives 

Over 14,000 
2022-23 

 

Table 2: Technological adoption in Karnataka's dairy sector 

Technology 
Aspect 

Cooperative Dairies 
(e.g., KMF) 

Private Dairies (e.g., 
Heritage, Dodla) 

Artificial 
Insemination 
(Al) 

Widely adopted; supported 
by KMF's Al centres and 
veterinary services 

Commonly used; often with 
access to superior semen and 
advanced breeding techniques 

Mechanized 
Milking Systems 

Limited adoption; primarily 
in large-scale or model 
farms 

More prevalent; especially in 
commercia farms for efficiency 

Cattle Feed & 
Nutrition 

Standardized feed provided, 
focus on balanced nutrition 

Customized feeding programs; 
often with better quality 
concentrates 

Health 
Monitoring & 
Disease 
Management 

Basic veterinary services; 
some extension support 

Advanced health monitoring 
systems; proactive disease 
management 

Data-Driven 
Farm 
Management 

Emerging; some digitization 
initiatives 

Advanced; use of farm 
management software and IoT 
solutions 

 

Data Envelopment Analysis (DEA) has been utilized to assess the technical efficiency 
of dairy cooperatives, revealing variations in efficiency scores and highlighting areas 
for improvement. Enhancing technological adoption and operational practices in 
cooperatives could bridge the efficiency gap between them and private dairies. 

Table 3: Technical Efficiency of Dairy Cooperatives (KMF) in Karnataka 
(2013-2024) 

Year 
Technical 
efficiency 

2013 - 2014 0.99 
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2014 - 2015 0.96 

2015 - 2016 0.97 

2016 - 2017 0.98 

2017 - 2018 0.86 

2018 - 2019 0.98 

2019 - 2020 0.90 

2020 - 2021 0.84 

2021 - 2022 0.88 

2022 - 2023 0.89 

2023 - 2024 0.88 

 

 

Figure 1: Technical Efficiency of Dairy Cooperatives (KMF) in Karnataka 
(2013-2024) 

 

Cost-Benefit analysis of dairy production systems 

Fixed vs. variable cost components 

In Karnataka's dairy sector, variable costs constitute a significant portion of the total 
production costs across all herd sizes. Specifically, variable costs account for 
approximately 74.03% in small herds, 74.18% in medium herds, and 75.20% in large 
herds. The primary components of variable costs include feed and fodder, labour, 
veterinary expenses, and miscellaneous costs. Fixed costs, encompassing depreciation, 
interest on fixed capital, and building maintenance, represent the remaining portion 
of the total costs. 

Table 4: Fixed vs. variable cost components 
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Herd Size 

Fixed Cost 

(Rs/ animal/ 
year) 

Variable Cost 

(Rs/ animal/ 
year) 

Fixed Cost (%) 
Variable Cost 
(%) 

Small 14,488 44,830 25.97% 74.03% 

Medium 15,157 44,830 25.82% 74.18% 

Large 18,327 55,623 24.80% 75.20% 

 

Revenue analysis by scale and system (traditional vs. modern) 

Revenue generation in dairy farming is influenced by the scale of operation and the 
adoption of modern practices. Large herds, often associated with modern dairy 
systems, exhibit higher milk yields and, consequently, greater revenue per litre. For 
instance, large herds achieve a gross revenue of 754.94 per litre, whereas small herds, 
typically following traditional methods, attain 245.65 per litre. The increased revenue, 
in modern systems is attributed to enhanced productivity and efficiency. 

Table 5: Revenue Analysis by Scale and System 

Herd 
Size 

Gross Revenue (Rs/ animal/ 
year) 

Gross Revenue (Rs/ 
litre) 

Small 75,614 45.65 

Medium 80,367 47.33 

Large 1,09,331 54.94 

 

Break-even analysis 

The break-even output (BEO) indicates the minimum production required to cover all 
costs. In Karnataka, small herds have a BEO of 2.91 litres/day, medium herds 2.70 
litres/day, and large herds 2.84 litres/day. Notably, the percentage of BEO to total 
output is significantly lower in large herds (3.23%) compared to small herds (45.54%). 
highlighting the efficiency advantages of larger, modern operations. 

Table 6: Break-Even Analysis 

Herd Size 
Break – Even Output (litres/ 
day) 

% Of Total 
Output 

Small 2.91 45.54% 

Medium 2.7 11.79% 

Large 2.84 3.23% 

 

Net profit margins across different farm sizes and technologies 

Net profit margins per litre of milk are positively correlated with herd size and the 
adoption of modern technologies. Large herds report a net profit of 216.53 per litre, 
medium herds & 10.81, and small herds 29.92. The higher profitability in larger herds 
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is due to economies of scale, better resource utilization, and advanced management 
practices. 

 

Table 7: Net profit margins across different farm sizes and technologies 

Herd Size 
Net Revenue (Rs/ 
litre) 

Return per Rupee 
Invested 

Small 9.92 1.35 

Medium 10.81 1.36 

Large 16.53 1.48 

 

Larger herds not only generate higher net revenue per litre but also exhibit better 
returns per rupee invested. This highlights the financial advantages of scaling up 
operations and adopting modern dairy farming practices. 

Table 8: Cost-Benefit comparison across dairy models 

Dairy 
Model 

Avg. 
Cost 

(Rs/ 
litre) 

Avg. 
Revenue  

(Rs/ litre) 

Net 
Profit 

(Rs/ 
litre) 

ROI (%) 

Traditional 35.73 45.65 9.92 35 

Semi-
modern 

36.53 47.33 10.81 36 

Modern 38.41 54.94 16.53 48 

 

Karnataka’s dairy sector requires structural adjustments to address prevailing 
inefficiencies in production economics. Current performance gaps point toward 
specific interventions capable of driving both short-term yield improvements and 
long-term sector viability.  

Yield optimization remains the primary driver of farm-level profitability. 
Transitioning toward high-yielding crossbred genetics offers a direct pathway to better 
margins. Empirical data confirms crossbred variants routinely double the output of 
indigenous stock, altering the economic baseline for producers (Birthal & Jha, 2019). 
Feeding protocols require parallel modernization. Replacing ad-hoc rationing with 
Total Mixed Ration (TMR) systems alongside localized fodder banks substantially 
limits variable feed costs (Chand et al., 2020). Beyond physical inputs, state-
sponsored extension services must shift focus toward clinical hygiene and herd 
management. Better on-farm practices directly suppress arbitrary veterinary 
expenditures. 

Post-harvest degradation severely limits value capture across the supply chain. 
Village-level bulk milk coolers (BMCs) and decentralized chilling networks prevent 
raw milk spoilage, allowing producers to leverage better quality metrics for higher 
compensation (NDDB, 2022). Yet, capital constraints often hinder local infrastructure 
development. Integrated dairy parks—equipped with automated processing facilities 

Volume 1, Issue 1 (Inaugural & Special Issue), July-September 2026



SOUTH INDIA JOUR s://sea.net.in 

        

  

PUBLISHED BY SOUTHERN ECONOMIC ASSOCIATION (SEA) 73 

 

and quality testing labs—can be realized effectively through public-private 
partnerships. On the procurement side, digitizing transactions and grading systems 
eliminates opacity. Transparent payment architectures foster institutional trust and 
reduce settlement delays. 

Marginal and small-scale operations account for roughly 70% of the state's dairy 
demographic. Policy frameworks must isolate and address the structural barriers these 
producers face daily. Access to mineral mixtures, high-quality fodder seeds, and 
localized veterinary support requires targeted subsidization. Interventions like the 
Rashtriya Gokul Mission must prioritize geographically marginalized clusters 
(Department of Animal Husbandry & Dairying, 2021). Organizing these dispersed 
producers into self-help groups (SHGs) and broader collectives aggregates their 
bargaining power (Babu, 2020). It also drastically lowers transaction costs when 
interfacing with formal creditors. Risk mitigation is equally essential. Universal 
livestock insurance frameworks must abandon heavy bureaucratic prerequisites to 
shield rural households from sudden mortality or disease-driven asset losses. 

Environmental constraints dictate the future trajectory of agrarian industries. 
Subsidizing solar-driven chilling infrastructure, methane capture protocols, and 
water-efficient cleaning equipment embeds climate resilience directly into dairy 
economics. International frameworks increasingly rely on sustainability metrics to 
gauge sector performance (FAO, 2020). Market regulation needs similar refinement. 
Overlapping governance structures often disadvantage cooperatives against private 
entities. Regulatory parity in quality norms and pricing is necessary to protect 
producer welfare. A dedicated state-level dairy development board could resolve these 
institutional frictions, synchronizing the efforts of private processors, cooperatives, 
and research bodies. Finally, linking dairy initiatives with existing rural support 
architectures—like PM-KISAN and MGNREGA—cements dairy farming as a core 
component of poverty alleviation. 

Ultimately, Karnataka relies on dairying as a bedrock for rural economic stability and 
nutritional provisioning. By analyzing production economics and institutional 
frameworks across the state, this research isolates specific friction points in current 
dairy operations. Addressing these gaps requires deliberate shifts in resource 
allocation. 

Policymakers must pivot toward decentralized capacity building, robust cold chain 
infrastructure, and equitable pricing models. For processing cooperatives and private 
entrepreneurs, capital allocation should prioritize supply chain modernization and 
granular quality control. Financial institutions face a distinct opportunity to rethink 
capital delivery. Bespoke insurance instruments and credit lines designed for localized 
production risks can accelerate technological adoption among smaller producers. 

Several structural questions remain unaddressed. Future inquiries should leverage 
longitudinal datasets to track the actual efficacy of state interventions over extended 
periods. Comparative analyses with neighboring states would help benchmark 
Karnataka’s trajectory against national averages. Additionally, the intersection of 
climate adaptation and dairy output demands precise empirical modeling, particularly 
regarding low-carbon production limits. Shifts in consumer preference toward value-
added dairy commodities also present an immediate area for demand-side market 
analysis. 
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Moving forward, the viability of Karnataka's dairy economy depends entirely on 
institutional alignment. Meaningful sector transformation is achievable, provided 
public agencies, private stakeholders, and rural producers operate under cohesive, 
evidence-based policy directives. 
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Abstract 

South India is one of India’s most dynamic regional economies, combining high 
urbanization, advanced service-sector concentration, diversified manufacturing, 
strong human-development outcomes, global technology linkages, and coastal-
logistics advantages. This paper examines the regional economy of five major South 
Indian states—Andhra Pradesh, Karnataka, Kerala, Tamil Nadu, and Telangana—
through a comparative regional-development framework. Using recent state budget 
projections, Reserve Bank of India state statistics, Census urbanization evidence, NITI 
Aayog SDG indicators, and state-level fiscal and infrastructure evidence, the paper 
analyzes inter-state economic performance, structural transformation, urbanization, 
infrastructure capacity, fiscal constraints, and policy challenges. The empirical 
analysis shows that Tamil Nadu and Karnataka dominate regional output, together 
accounting for approximately 56.8% of the projected five-state South Indian economy 
in 2025–26. Tamil Nadu demonstrates the most balanced manufacturing-services 
model; Karnataka and Telangana reflect high-productivity but spatially concentrated 
technology-led growth; Kerala combines high social development with employment 
and fiscal constraints; and Andhra Pradesh represents a logistics, agriculture, 
aquaculture, and industrial-transition economy. Hypothesis testing indicates that 
urbanization alone does not explain short-run growth; rather, productive 
urbanization, balanced structural transformation, fiscal sustainability, and polycentric 
infrastructure-led development are more decisive. The study argues that South India’s 
next development phase must shift from metropolitan-led growth to polycentric, 
green, fiscally sustainable, infrastructure-integrated, and regionally balanced 
development. 

Keywords: South Indian economy, regional development, GSDP, urbanization, 
infrastructure, fiscal federalism, industrial corridors, economic geography, state 
comparison, India. 

1. Introduction 

South India has become central to India’s economic modernization. The region 
contains globally connected metropolitan economies such as Bengaluru, Chennai, 
Hyderabad, Kochi, and Visakhapatnam; dense manufacturing clusters in Tamil Nadu 
and Karnataka; pharmaceutical and information-technology clusters in Telangana; a 
high-human-development service economy in Kerala; and port-led industrial 
potential in Andhra Pradesh. It is also a region marked by uneven spatial development, 
fiscal pressures, climate vulnerabilities, water stress, and metropolitan congestion. 

The five major South Indian states—Andhra Pradesh, Karnataka, Kerala, Tamil Nadu, 
and Telangana—represent different development trajectories. Tamil Nadu combines 
manufacturing depth and high urbanization. Karnataka is driven by Bengaluru’s 
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technology and innovation economy. Telangana has grown rapidly around 
Hyderabad’s IT, pharmaceuticals, real estate, and services sectors. Kerala has achieved 
strong social and human-development outcomes but faces limited industrial depth 
and high dependence on remittances and services. Andhra Pradesh is attempting post-
bifurcation restructuring through ports, logistics, agriculture, aquaculture, energy, 
and new capital-region development. 

The central research problem is that South India’s aggregate economic success 
conceals important inter-state and intra-state inequalities. High regional output does 
not automatically translate into balanced development. The concentration of 
economic activity in Bengaluru, Hyderabad, Chennai, Kochi, Coimbatore, and a few 
coastal-industrial corridors raises concerns about congestion, labour-market dualism, 
fiscal sustainability, climate resilience, and second-tier city development. 

This paper asks five research questions: 

1. How do South Indian states compare in economic size, growth, and regional 

contribution? 

2. What theoretical frameworks explain South India’s uneven but high-

performing development pattern? 

3. How do urbanization and infrastructure shape state-level economic 

performance? 

4. What are the major inter-state and intra-state policy challenges? 

5. What policy model can support balanced, sustainable, and high-productivity 

regional development? 

2. Theoretical Foundations 

2.1 Cumulative Causation and Regional Divergence 

Myrdal’s theory of cumulative causation argues that regional development tends to 
become self-reinforcing. Once a city or region gains an initial advantage, investment, 
skilled labour, institutions, infrastructure, and markets accumulate there, often 
widening regional inequality (Myrdal, 1957). This is visible in South India through 
Bengaluru, Hyderabad, and Chennai, where technology firms, universities, skilled 
workers, start-ups, venture capital, public infrastructure, and global business 
networks reinforce one another. 

Hirschman’s theory of unbalanced growth similarly suggests that development often 
begins in leading sectors or regions and then generates spread effects. However, if 
spread effects are weak, polarization effects dominate (Hirschman, 1958). South India 
shows both tendencies: Bengaluru and Hyderabad generate national and global 
productivity gains, but northern Karnataka, interior Telangana, Rayalaseema, and 
parts of coastal and plantation economies remain relatively less integrated into high-
value growth. 

2.2 New Economic Geography and Agglomeration Economies 

New economic geography explains why economic activity concentrates in specific 
regions. Firms benefit from proximity to suppliers, skilled workers, infrastructure, 

Volume 1, Issue 1 (Inaugural & Special Issue), July-September 2026



SOUTH INDIA JOUR s://sea.net.in 

        

  

PUBLISHED BY SOUTHERN ECONOMIC ASSOCIATION (SEA) 77 

 

consumers, and knowledge spillovers. Krugman’s agglomeration framework helps 
explain why Bengaluru, Hyderabad, Chennai, and Coimbatore have become self-
reinforcing production and service hubs (Krugman, 1991). However, excessive 
agglomeration can create diseconomies: congestion, rising land prices, housing 
shortages, pollution, and water stress. 

South India’s policy challenge is therefore not whether agglomeration should occur, 
but how to manage it. The region needs productive agglomeration without 
unsustainable metropolitan over-concentration. 

2.3 Structural Transformation 

Structural transformation theory emphasizes the movement of labour and output from 
low-productivity agriculture to higher-productivity industry and services. South India 
has experienced this transition unevenly. Tamil Nadu has moved strongly into 
manufacturing and services; Karnataka and Telangana have moved heavily into 
services; Kerala has achieved service-led development but not enough manufacturing-
based employment; and Andhra Pradesh remains more dependent on agriculture, 
aquaculture, and logistics-linked industrialization. 

2.4 Human Capital and Institutional Development 

Human-capital theory links education, health, and skills to productivity. Kerala’s 
development experience confirms that high literacy, health outcomes, and social 
welfare can produce strong human-development indicators. However, Kerala also 
demonstrates that human capital alone is insufficient without domestic productive 
absorption. Institutional economics further suggests that governance quality, policy 
stability, urban institutions, land regulation, fiscal management, and infrastructure 
coordination strongly influence regional growth (North, 1990). 

2.5 Competitive and Cooperative Federalism 

Indian states compete for investment, infrastructure, tax incentives, global firms, and 
skilled labour. South India has benefited from competitive federalism, especially in IT, 
electronics, automobiles, pharmaceuticals, ports, tourism, and start-up promotion. 
However, several challenges—river-water sharing, logistics corridors, climate 
adaptation, labour mobility, electricity markets, and coastal resilience—require 
cooperative federalism across state borders. 

3. Empirical Foundations and Data Sources 

The study uses a comparative descriptive research design based on secondary data. 
The core data sources are: 

 State budget projections for 2025–26 reported by PRS Legislative Research. 

 Reserve Bank of India’s Handbook of Statistics on Indian States, which 

provides state-level data on GSDP, per-capita income, sectoral output, health, 

education, industry, agriculture, environment, and fiscal indicators. 

 Census 2011 Primary Census Abstract, which remains the latest complete 

official source for comparable urbanization data across Indian states. 
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 NITI Aayog’s SDG India Index 2023–24, which provides a comparative 

development-performance framework across Indian states and Union 

Territories. 

 State fiscal and budget documents, especially PRS budget analyses for Tamil 

Nadu, Karnataka, Andhra Pradesh, Telangana, and Kerala. 

The paper uses projected GSDP for 2025–26 because it is the most recent comparable 
state-level budget estimate available across the five states. These are nominal GSDP 
values at current prices and therefore include both real output growth and inflation 
effects. Urbanization data are older because India has not yet released a post-2011 full 
Census urbanization series. Telangana comparisons require caution because 
Telangana was created in 2014, after the 2011 Census. 

4. Methodology 

The paper applies comparative regional economic analysis. The following indicators 
are used. 

4.1 Regional GSDP Share 

𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝐺𝑆𝐷𝑃 𝑆ℎ𝑎𝑟𝑒𝑖 =
𝐺𝑆𝐷𝑃𝑖

∑𝐺𝑆𝐷𝑃𝑆𝑜𝑢𝑡ℎ
× 100 

Error! Filename not specified. 

This measures each state’s share in the five-state South Indian economy. 

4.2 Incremental Growth Contribution 

𝐺𝑟𝑜𝑤𝑡ℎ 𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖 =
𝐺𝑆𝐷𝑃𝑖,2025−26 − 𝐺𝑆𝐷𝑃𝑖,2024−25𝑅𝐸

∑(𝐺𝑆𝐷𝑃2025−26 − 𝐺𝑆𝐷𝑃2024−25𝑅𝐸)
× 100 

Error! Filename not specified. 

This estimates how much each state contributes to the projected nominal increase in 
South Indian GSDP. 

 

4.3 Diagnostic Correlation Analysis 

For exploratory empirical testing, the study uses simple cross-state correlation 
analysis. The small sample size means the results cannot be treated as statistically 
conclusive. Correlations are used only as diagnostic indicators. 

4.4 Comparative Development Matrix 

A qualitative matrix is used to compare states across economic structure, urbanization 
model, infrastructure base, fiscal challenge, and policy priority. 

4.5 Analytical Limitations 

The paper does not claim causal identification through econometric estimation. It 
provides a comparative regional-development analysis supported by diagnostic 
empirical testing. A future journal version may apply spatial econometrics, district-
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level GDDP, night-time lights, road density, industrial employment, fiscal data, and 
urbanization intensity. 

5. State-Level Economic Performance 

Table 1. Projected GSDP and Regional Share, 2025–26 

State Projected GSDP 

2025–26 

Nominal growth 

over 2024–25 RE 

Share of five-state 

South Indian GSDP 

Tamil Nadu ₹35,67,818 crore 15% 30.5% 

Karnataka ₹30,70,103 crore 7% 26.3% 

Andhra 

Pradesh 

₹18.30 lakh crore 14% 15.7% 

Telangana ₹18,00,325 crore 12% 15.4% 

Kerala ₹14,27,145 crore 12% 12.2% 

Total ₹116.95 lakh 

crore 

— 100% 

Source: Author’s calculations from PRS Legislative Research state budget analyses 
(PRS Legislative Research, 2025a, 2025b, 2025c, 2025d, 2025e). 

Tamil Nadu and Karnataka are the two largest South Indian economies. Together, they 
account for approximately 56.8% of the five-state regional economy. Tamil Nadu’s 
strength lies in diversified manufacturing, high urbanization, ports, textiles, 
automobiles, electronics, engineering, and IT services. Karnataka’s strength lies in 
Bengaluru-led technology, start-ups, aerospace, biotechnology, higher education, and 
innovation-intensive services. 

Andhra Pradesh and Telangana are similar in projected economic size, but their 
development models differ significantly. Telangana is more metropolitan and service-
driven, centred on Hyderabad. Andhra Pradesh is more coastal, logistics-oriented, 
agriculture-linked, and still undergoing post-bifurcation economic restructuring. 
Kerala is smaller in GSDP but performs strongly in human development, health, 
education, social welfare, and remittance-linked consumption. 

6. Growth Contribution Analysis 

Using PRS-reported projected GSDP growth rates, the implied 2024–25 revised 
estimate can be back-calculated. This allows an estimate of each state’s contribution 
to the projected nominal expansion of the South Indian regional economy. 

 

Table 2. Estimated Contribution to Regional GSDP Increase, 2025–26 

State Implied GSDP 

2024–25 RE 

Projected 

GSDP 2025–26 

Estimated 

increase 

Share of 

regional 

increase 
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Tamil Nadu ₹31.02 lakh 

crore 

₹35.68 lakh 

crore 

₹4.65 lakh 

crore 

37.6% 

Andhra 

Pradesh 

₹16.05 lakh 

crore 

₹18.30 lakh 

crore 

₹2.25 lakh 

crore 

18.2% 

Karnataka ₹28.69 lakh 

crore 

₹30.70 lakh 

crore 

₹2.01 lakh 

crore 

16.2% 

Telangana ₹16.07 lakh 

crore 

₹18.00 lakh 

crore 

₹1.93 lakh 

crore 

15.6% 

Kerala ₹12.74 lakh 

crore 

₹14.27 lakh 

crore 

₹1.53 lakh 

crore 

12.4% 

Total ₹104.59 lakh 

crore 

₹116.95 lakh 

crore 

₹12.37 lakh 

crore 

100% 

Source: Author’s calculations from PRS Legislative Research budget data (PRS 
Legislative Research, 2025a, 2025b, 2025c, 2025d, 2025e). 

Tamil Nadu contributes the largest share of the projected regional nominal increase, 
at approximately 37.6%. This reflects both its large economic base and high projected 
nominal growth. Andhra Pradesh’s contribution is also significant because of its 
projected 14% nominal growth, despite a smaller base than Tamil Nadu and 
Karnataka. Karnataka remains the second-largest economy but contributes a smaller 
share of incremental nominal growth because its projected 2025–26 growth rate is 
lower than that of Tamil Nadu, Andhra Pradesh, Telangana, and Kerala. 

7. Structural Transformation in South India 

South India’s development is not uniform. The region contains multiple growth 
models. 

7.1 Tamil Nadu: Diversified Industrial-Service Economy 

Tamil Nadu is the most structurally balanced South Indian economy. It combines 
manufacturing, services, exports, ports, textiles, leather, automobiles, electronics, 
engineering, renewable-energy components, and IT services. Its relatively polycentric 
urban system—Chennai, Coimbatore, Tiruppur, Erode, Salem, Madurai, 
Tiruchirappalli, Hosur, and Thoothukudi—supports wider regional diffusion of 
industrial activity. 

Tamil Nadu’s projected 2025–26 GSDP of ₹35,67,818 crore and 15% nominal growth 
over the revised estimate indicate both scale and dynamism (PRS Legislative Research, 
2025d). The state’s main challenge is not growth generation but sustaining industrial 
upgrading while managing water stress, urban congestion, environmental costs, and 
regional inequalities between advanced and lagging districts. 

7.2 Karnataka: Innovation-Led but Bengaluru-Centred Growth 

Karnataka’s projected 2025–26 GSDP is ₹30,70,103 crore (PRS Legislative Research, 
2025b). Bengaluru gives the state global visibility in IT, start-ups, biotechnology, 
aerospace, finance, design, and higher education. The agglomeration advantages are 
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strong: skilled labour, venture capital, research institutions, multinational firms, and 
digital infrastructure. 

However, Karnataka’s development challenge is spatial imbalance. Bengaluru 
dominates state output, tax revenue, high-skill employment, and global connectivity. 
Northern Karnataka, Kalyana Karnataka, and several interior districts require 
stronger industrial, educational, health, and logistics investments. The policy priority 
is to build Mysuru, Mangaluru, Hubballi-Dharwad, Belagavi, Tumakuru, Davanagere, 
and Kalaburagi as stronger secondary growth centres. 

7.3 Telangana: High-Growth Service Economy with Hyderabad 
Concentration 

Telangana’s projected 2025–26 GSDP is ₹18,00,325 crore, with 12% nominal growth 
over the revised estimate (PRS Legislative Research, 2025e). Hyderabad is the core of 
Telangana’s growth model, especially in IT, pharmaceuticals, life sciences, real estate, 
education, health care, logistics, and high-value services. 

The state’s core challenge is reducing Hyderabad-centric development. Warangal, 
Karimnagar, Nizamabad, Khammam, Mahbubnagar, and other regional centres need 
stronger industrial, educational, transport, and digital ecosystems. 

7.4 Andhra Pradesh: Post-Bifurcation Restructuring and Coastal-
Logistics Potential 

Andhra Pradesh’s projected 2025–26 GSDP is ₹18.3 lakh crore, with projected 
nominal growth of 14% (PRS Legislative Research, 2025a). The state has major 
strengths in agriculture, aquaculture, food processing, ports, logistics, energy, 
tourism, and coastal industrialization. Unlike Telangana, Andhra Pradesh does not 
have a single dominant high-value metropolitan engine comparable to Hyderabad. 
This is a disadvantage in the short run but an opportunity for planned polycentric 
development. 

Its main policy challenge is to convert coastline, ports, industrial corridors, and 
agricultural strength into high-productivity manufacturing and logistics-led growth. 
Visakhapatnam, Vijayawada, Guntur, Amaravati, Tirupati, Kakinada, Kurnool, 
Nellore, and Anantapur can form a more distributed regional growth system. 

7.5 Kerala: Human-Development Economy with Employment and Fiscal 
Constraints 

Kerala’s projected 2025–26 GSDP is ₹14,27,145 crore, with 12% growth over the 
revised estimate (PRS Legislative Research, 2025c). Kerala’s strengths are education, 
health, social welfare, remittances, tourism, diaspora networks, decentralized 
development, and high social indicators. NITI Aayog’s SDG India Index 2023–24 
places Kerala among India’s strongest SDG performers, confirming its human-
development advantage (NITI Aayog, 2024). 

However, Kerala faces major structural constraints: limited large-scale 
manufacturing, high educated unemployment, ageing population, fiscal stress, 
ecological fragility, and dependence on remittances and consumption-led services. 
Kerala’s next development phase must focus on knowledge services, health economy, 
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education exports, sustainable tourism, blue economy, food processing, creative 
industries, and climate-resilient infrastructure. 

8. Urbanization and Regional Development 

Urbanization is one of the most important drivers of South India’s economic 
performance. Census 2011 remains the latest complete official urbanization source. 
The Census provides district, town, village, rural, and urban population indicators 
through the Primary Census Abstract (Census of India, 2011). 

Table 3. Urbanization Pattern and Development Implications 

State Urbanization 

pattern 

Economic implication Policy concern 

Tamil 

Nadu 

Highly urbanized 

and relatively 

polycentric 

Supports industrial 

clusters, manufacturing, 

services, labour mobility 

Water stress, 

pollution, peri-urban 

planning 

Karnataka Bengaluru-

dominated 

urbanization 

High productivity, 

innovation, global 

services 

Metropolitan 

congestion and 

regional imbalance 

Kerala Dispersed, high-

density urban-

rural continuum 

Strong human 

development and service 

consumption 

Weak industrial 

agglomeration and 

ecological 

vulnerability 

Telangana Hyderabad-

centred 

urbanization 

High-value services, IT, 

pharmaceuticals, real 

estate 

Spatial concentration 

and district 

inequality 

Andhra 

Pradesh 

Corridor-based 

and coastal urban 

potential 

Scope for planned 

industrial-logistics cities 

Need for capital-

region clarity and 

urban infrastructure 

Tamil Nadu’s urban system is the most balanced. Its multiple industrial towns allow 
manufacturing and services to spread beyond the capital city. Karnataka and 
Telangana are more dependent on single metropolitan growth poles. Kerala’s 
urbanization is dispersed and socially advanced but less industrially concentrated. 
Andhra Pradesh has an opportunity to build planned urban-industrial corridors 
instead of allowing unplanned metropolitan primacy to emerge. 

Urbanization theory suggests that cities improve productivity through labour pooling, 
knowledge spillovers, specialization, and market access (Glaeser, 2011; Henderson, 
2003). However, these benefits require public goods: transport, housing, sanitation, 
water, drainage, electricity, digital infrastructure, public health, and municipal 
finance. Without these, urbanization produces congestion rather than productivity. 

9. Infrastructure Analysis 

9.1 Ports and Coastal Logistics 
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South India has major coastal advantages. Tamil Nadu, Andhra Pradesh, Kerala, and 
Karnataka have access to seaports. Andhra Pradesh has long-term potential for port-
led industrialization because of its coastline and eastern-seaboard position. Tamil 
Nadu’s ports support automobiles, electronics, textiles, engineering goods, and 
containerized trade. Kerala’s ports and maritime economy can support tourism, 
logistics, fisheries, and blue-economy development. Karnataka’s coastal belt around 
Mangaluru supports petrochemicals, logistics, and trade. 

9.2 Industrial Corridors 

South India’s growth is increasingly corridor-driven. Important corridors include: 

 Chennai–Bengaluru industrial corridor. 

 Visakhapatnam–Chennai industrial corridor. 

 Hyderabad–Bengaluru economic linkage. 

 Chennai–Hosur–Bengaluru manufacturing belt. 

 Kochi–Coimbatore–Bengaluru service and industrial linkage. 

 Hyderabad–Warangal and Hyderabad–Nagpur extensions. 

These corridors can reduce logistics costs, improve export competitiveness, and 
support second-tier city development. 

9.3 Digital Infrastructure 

Karnataka and Telangana dominate high-end digital services through Bengaluru and 
Hyderabad. Tamil Nadu is strong in IT services, electronics, data centres, and 
industrial digitalization. Kerala has potential in digital public services, health 
technology, education technology, and remote-work-linked services. Andhra Pradesh 
can integrate digital infrastructure with logistics, agriculture, ports, and 
manufacturing. 

9.4 Urban Infrastructure 

Urban infrastructure is now one of South India’s binding constraints. Bengaluru faces 
traffic congestion, housing pressure, water stress, and infrastructure delays. 
Hyderabad faces outward expansion, real-estate pressure, and peri-urban governance 
challenges. Chennai faces flood risk, water stress, and coastal vulnerability. Kochi and 
other Kerala urban regions face flood, drainage, and land-use pressures. Andhra 
Pradesh’s urban challenge is different: it must build high-quality urban infrastructure 
while still shaping its post-bifurcation growth hierarchy. 

10. Fiscal and Governance Analysis 

Fiscal capacity determines whether states can sustain infrastructure, welfare, climate 
adaptation, and social-sector investment. PRS budget analyses show that all five states 
are expanding expenditure while attempting to manage deficits and debt. Kerala’s 
2025–26 budget projects expenditure excluding debt repayment of ₹1,98,582 crore 
and receipts excluding borrowings of ₹1,53,544 crore (PRS Legislative Research, 
2025c). Karnataka’s projected GSDP and expenditure profile show a large state 
economy with significant expenditure commitments (PRS Legislative Research, 
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2025b). Telangana and Andhra Pradesh also show high development expenditure 
needs linked to infrastructure, welfare, and regional development (PRS Legislative 
Research, 2025a, 2025e). 

The fiscal challenge is threefold. 

First, South Indian states must balance welfare commitments with productivity-
enhancing capital expenditure. Welfare has contributed to social development, but 
excessive revenue expenditure can crowd out infrastructure. 

Second, urban local bodies remain fiscally weak. Metropolitan and second-tier city 
development requires stronger municipal finance, property-tax reform, land-value 
capture, user charges where appropriate, climate bonds, and state-backed municipal 
borrowing frameworks. 

Third, debt sustainability matters. Borrowing is justified when it finances productive 
infrastructure, resilience, and human capital. It becomes risky when it finances 
recurring expenditure without future growth returns. 

11. Empirical Hypothesis Testing 

11.1 Empirical Strategy 

To deepen the analysis, the study tests five hypotheses derived from regional-
development theory, agglomeration economics, structural transformation, and fiscal 
federalism. Because the paper focuses on only five major South Indian states, the 
empirical testing is exploratory. The results should be interpreted as diagnostic 
evidence rather than definitive causal proof. 

The empirical testing uses three types of evidence: 

1. Cross-state comparative statistics using projected 2025–26 GSDP and growth 

rates. 

2. Correlation analysis between growth, urbanization, service-sector orientation, 

and GSDP size. 

3. Qualitative empirical validation using observed state development models, 

infrastructure patterns, and fiscal evidence. 

11.2 Hypotheses 

H1: Urbanization hypothesis. States with higher urbanization are expected to 
show stronger economic performance because urban areas generate agglomeration 
economies, labour-market depth, specialization, and infrastructure efficiency. 

H2: Structural transformation hypothesis. States with stronger service-sector 
and manufacturing-sector bases are expected to have higher income and stronger 
long-run growth prospects. 

H3: Agglomeration-primacy hypothesis. States dominated by one metropolitan 
growth pole may achieve high output concentration but face greater regional 
imbalance and congestion costs. 
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H4: Scale hypothesis. Larger state economies are expected to contribute more to 
regional GSDP expansion because of their larger economic base. 

H5: Fiscal sustainability hypothesis. States with stronger fiscal management are 
expected to have better capacity to sustain infrastructure-led and human-capital-led 
development. 

11.3 Core Empirical Variables 

Table 4. Core Empirical Variables Used for Hypothesis Testing 

State Projected 

GSDP 

2025–26 

Projected 

nominal 

GSDP 

growth 

Approximate 

urbanization profile 

Development model 

Andhra 

Pradesh 

₹18.30 

lakh crore 

14% Lower than Tamil 

Nadu and Kerala; 

corridor/coastal 

urbanization 

Ports, agriculture, 

aquaculture, 

logistics, emerging 

industry 

Karnataka ₹30.70 

lakh crore 

7% Medium-high; 

Bengaluru-

dominated 

IT, start-ups, 

services, aerospace, 

manufacturing 

Kerala ₹14.27 

lakh crore 

12% High and dispersed Human 

development, 

remittances, 

tourism, services 

Tamil 

Nadu 

₹35.68 

lakh crore 

15% High and 

polycentric 

Manufacturing, 

services, ports, 

industrial towns 

Telangana ₹18.00 

lakh crore 

12% Hyderabad-centred IT, pharmaceuticals, 

services, real estate 

Sources: PRS Legislative Research for GSDP and growth; Census of India for 
urbanization framework; RBI for state statistical framework (Census of India, 2011; 
PRS Legislative Research, 2025a, 2025b, 2025c, 2025d, 2025e; Reserve Bank of 
India, 2025). 

12. Hypothesis Results 

12.1 Test of H1: Urbanization and Economic Growth 

𝐻1: 𝐻𝑖𝑔ℎ𝑒𝑟 𝑢𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛 → 𝐻𝑖𝑔ℎ𝑒𝑟 𝐺𝑆𝐷𝑃 𝑔𝑟𝑜𝑤𝑡ℎ 
Error! Filename not specified. 

Urban economic theory suggests that urbanization should raise productivity through 
agglomeration economies, labour pooling, market access, and knowledge spillovers 
(Glaeser, 2011; Henderson, 2003). However, the South Indian evidence is more 
complex. 
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Tamil Nadu and Kerala are both highly urbanized, but Tamil Nadu has a stronger 
industrial base and higher projected nominal GSDP growth. Karnataka and Telangana 
have high urban productivity, but their development is strongly concentrated in 
Bengaluru and Hyderabad. Andhra Pradesh has lower urbanization than Tamil Nadu 
and Kerala but has a high projected nominal GSDP growth rate of 14% for 2025–26 
(PRS Legislative Research, 2025a). 

Using approximate 2011 urbanization patterns and projected 2025–26 nominal GSDP 
growth, the estimated correlation between urbanization and projected nominal GSDP 
growth across the five states is weak and positive: 

𝑟 ≈ 0.11 
Error! Filename not specified. 

This indicates no strong cross-sectional relationship between urbanization alone and 
short-run projected nominal GSDP growth. 

Decision on H1: Partially supported, but not statistically confirmed. Urbanization 
matters, but its economic effect depends on the quality and structure of urbanization. 
The more relevant variable is productive urbanization: urbanization connected to 
manufacturing, logistics, human capital, infrastructure, and employment absorption. 

12.2 Test of H2: Structural Transformation and Growth 

𝐻2: 𝐻𝑖𝑔ℎ𝑒𝑟 𝑠𝑒𝑟𝑣𝑖𝑐𝑒/𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 → 𝐻𝑖𝑔ℎ𝑒𝑟 𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 
Structural transformation theory predicts that states moving away from low-
productivity agriculture toward manufacturing and services should achieve higher 
productivity. South India broadly supports this theory, but with important variation. 

Karnataka, Telangana, and Kerala are service-intensive economies. Tamil Nadu has a 
more balanced manufacturing-services structure. The diagnostic evidence does not 
support a simple claim that a higher service-sector share automatically produces 
higher short-run growth. Karnataka and Kerala have high service-sector orientation, 
but their short-run projected growth outcomes differ from Tamil Nadu and Andhra 
Pradesh. 

Using the four states for which comparable service-sector share figures are 
commonly reported—Karnataka, Kerala, Telangana, and Tamil Nadu—the diagnostic 
correlation between service-sector share and projected nominal GSDP growth is 
negative: 

𝑟 ≈ −0.82 
Error! Filename not specified. 

This result should not be interpreted as evidence that services reduce growth. The 
sample is extremely small, and Karnataka’s lower projected nominal growth rate 
strongly influences the result. The better interpretation is that pure service-sector 
dominance does not automatically explain short-run nominal growth. 

Decision on H2: Supported in long-run structural terms but not confirmed in short-
run nominal growth data. The evidence favours balanced structural transformation, 
combining manufacturing, tradable services, logistics, urban infrastructure, and 
human capital. 
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12.3 Test of H3: Agglomeration and Metropolitan Primacy 

𝐻3: 𝑀𝑒𝑡𝑟𝑜𝑝𝑜𝑙𝑖𝑡𝑎𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 → 𝐻𝑖𝑔ℎ 𝑜𝑢𝑡𝑝𝑢𝑡,  𝑏𝑢𝑡 𝑎𝑙𝑠𝑜 ℎ𝑖𝑔ℎ𝑒𝑟 𝑟𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 
This hypothesis is strongly supported by the comparative evidence. Karnataka and 
Telangana have powerful metropolitan engines in Bengaluru and Hyderabad. These 
cities generate high-value services, IT exports, real estate growth, start-up activity, 
health care, education, and fiscal resources. However, both states also face clear 
regional-balancing challenges. Bengaluru dominates Karnataka’s economy, while 
Hyderabad dominates Telangana’s economy. 

Tamil Nadu offers a contrasting model. Chennai is important, but Tamil Nadu’s 
economy is more spatially distributed through Coimbatore, Tiruppur, Erode, Salem, 
Hosur, Madurai, Tiruchirappalli, and Thoothukudi. This polycentric structure 
supports wider industrial diffusion. 

Kerala has dispersed urbanization but weaker industrial agglomeration. Andhra 
Pradesh has no single dominant metropolis equivalent to Bengaluru or Hyderabad, 
giving it an opportunity to design a more balanced urban-industrial system. 

Table 5. Metropolitan Concentration and Regional Development 

State Metropolitan 

concentration 

Regional development 

implication 

H3 

assessment 

Karnataka Very high: Bengaluru High productivity but 

strong intra-state 

imbalance 

Supported 

Telangana Very high: Hyderabad Strong service growth 

but regional 

concentration 

Supported 

Tamil Nadu Moderate: Chennai plus 

multiple industrial cities 

More balanced industrial 

diffusion 

Supported 

Kerala Dispersed urban-rural 

continuum 

Socially advanced but 

weaker industrial 

agglomeration 

Mixed 

Andhra 

Pradesh 

Emerging 

polycentric/coastal model 

Opportunity for planned 

regional balance 

Mixed-

positive 

Decision on H3: Strongly supported. Agglomeration generates high productivity, 
but excessive metropolitan primacy creates congestion, housing stress, water pressure, 
and regional inequality. The best-performing long-term model is likely to be managed 
agglomeration with polycentric diffusion. 

12.4 Test of H4: Economic Scale and Regional Growth Contribution 

𝐻4: 𝐿𝑎𝑟𝑔𝑒𝑟 𝑠𝑡𝑎𝑡𝑒 𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑒𝑠 → 𝐿𝑎𝑟𝑔𝑒𝑟 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑡𝑜 𝑟𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝐺𝑆𝐷𝑃 𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 
This hypothesis is tested by comparing 2025–26 projected GSDP size with estimated 
incremental increase over 2024–25 revised estimates. 
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The estimated correlation between projected GSDP size and incremental GSDP 
increase is: 

𝑟 ≈ 0.78 
This indicates a strong positive association between economic size and contribution to 
regional expansion. However, with only five observations, this should be interpreted 
as indicative rather than statistically conclusive. 

Decision on H4: Substantially supported. Tamil Nadu’s large base and high 
projected nominal growth make it the largest contributor to South India’s incremental 
GSDP increase. Karnataka is the second-largest economy but contributes less to 
incremental expansion because its projected nominal growth rate is lower. Andhra 
Pradesh contributes more than Karnataka to the projected regional increase despite 
having a smaller economic base because its projected growth rate is higher. 

12.5 Test of H5: Fiscal Sustainability and Development Capacity 

𝐻5: 𝑆𝑡𝑟𝑜𝑛𝑔𝑒𝑟 𝑓𝑖𝑠𝑐𝑎𝑙 𝑚𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡
→ 𝑆𝑡𝑟𝑜𝑛𝑔𝑒𝑟 𝑙𝑜𝑛𝑔 − 𝑡𝑒𝑟𝑚 𝑖𝑛𝑓𝑟𝑎𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 𝑎𝑛𝑑 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑚𝑒𝑛𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 

This hypothesis is examined qualitatively using budget evidence and fiscal-health 
interpretation. State budget data show that all five South Indian states are managing 
large expenditure commitments. Andhra Pradesh’s 2025–26 budget projects 
expenditure excluding debt repayment of ₹2,97,929 crore, while Telangana projects 
expenditure excluding debt repayment of ₹2,84,837 crore. Kerala projects 
expenditure excluding debt repayment of ₹1,98,582 crore. Tamil Nadu projects 
expenditure excluding debt repayment of ₹4,39,293 crore (PRS Legislative Research, 
2025a, 2025c, 2025d, 2025e). 

The core fiscal issue is not simply deficit size. The critical question is whether 
borrowing finances productive capital formation, urban infrastructure, climate 
resilience, health, education, and industrial capacity, or whether it mainly finances 
recurring expenditure. States with strong fiscal management can sustain 
infrastructure and human-capital investment without destabilizing debt dynamics. 

Decision on H5: Conceptually supported, but full statistical testing requires a longer 
fiscal panel. Fiscal sustainability is a necessary condition for long-term regional 
development. South Indian states need to shift from expenditure expansion alone to 
expenditure productivity, especially through capital expenditure, urban 
infrastructure, skilling, and climate adaptation. 

13. Summary of Empirical Results 

Table 6. Hypothesis Testing Summary 

Hypothesis Test used Empirical 

result 

Interpretation Decision 

H1: Urbanization 

raises growth 

Correlation 

between 

urbanizatio

n and 

projected 

Weak 

positive 

correlation, 

approximatel

y r = 0.11 

Urbanization 

alone does not 

explain 

growth 

Partially 

supported 
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nominal 

GSDP 

growth 

H2: 

Service/manufacturin

g transformation 

raises performance 

Service-

sector share 

comparison 

and growth 

comparison 

Service share 

does not 

explain 

short-run 

nominal 

growth; 

balanced 

structure 

matters 

Structural 

transformatio

n matters, but 

not services 

alone 

Partially 

supported 

H3: Agglomeration 

creates output but 

also imbalance 

Comparativ

e 

metropolita

n primacy 

analysis 

Bengaluru 

and 

Hyderabad 

confirm high-

output 

concentratio

n with 

imbalance 

Strong 

support 

Supported 

H4: Larger 

economies contribute 

more to regional 

growth 

Correlation 

between 

GSDP size 

and 

incremental 

increase 

Strong 

positive 

association, 

approximatel

y r = 0.78 

Scale matters, 

but growth 

rate also 

matters 

Supported 

H5: Fiscal 

sustainability 

improves 

development capacity 

Budget and 

expenditure 

analysis 

Strong 

conceptual 

support; 

statistical 

testing needs 

panel data 

Fiscal 

capacity is 

critical for 

long-term 

development 

Supported 

conceptuall

y 

14. Research Findings 

14.1 South India is Economically Powerful but Internally Unequal 

The five-state region has projected combined GSDP of approximately ₹116.95 lakh 
crore in 2025–26. Tamil Nadu and Karnataka dominate regional output, while 
Telangana and Andhra Pradesh are close in aggregate size. Kerala is smaller but 
socially advanced. This confirms that South India is not a homogeneous region but a 
set of distinct development models. 

14.2 Urbanization Alone Does Not Explain Growth 

The weak correlation between urbanization and projected nominal growth suggests 
that urbanization must be interpreted through its economic structure. Tamil Nadu 
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performs strongly because its urbanization is connected to manufacturing, ports, 
industrial clusters, and labour markets. Kerala’s high urbanization produces strong 
social outcomes but weaker industrial employment. Karnataka and Telangana 
demonstrate that high-productivity urbanization can become over-concentrated. 

14.3 Balanced Structural Transformation is Superior to Sectoral 
Dependence 

The evidence does not support a simple claim that a higher service-sector share 
automatically produces higher short-run growth. Karnataka, Kerala, and Telangana 
are service-intensive, but their growth outcomes differ. Tamil Nadu’s strength lies in 
combining manufacturing and services. Therefore, the better policy target is not 
service-sector expansion alone but manufacturing-services complementarity. 

14.4 Metropolitan Primacy Creates Both Productivity and Inequality 

Bengaluru and Hyderabad are major productivity engines, but their dominance 
creates regional imbalance. Tamil Nadu’s more polycentric structure appears more 
resilient from a regional-development perspective. Andhra Pradesh has an 
opportunity to avoid excessive primacy by building multiple coastal, logistics, 
industrial, and administrative growth nodes. 

14.5 Fiscal Capacity is the Hidden Constraint 

South India’s growth prospects depend heavily on the ability of states to finance 
infrastructure, social services, climate adaptation, and industrial upgrading without 
unsustainable debt accumulation. 

15. Policy Challenges 

15.1 Metropolitan Over-Concentration 

Bengaluru and Hyderabad are growth engines but also sources of spatial imbalance. 
Chennai is more embedded in a wider Tamil Nadu industrial network, but it too faces 
congestion and climate risk. Policy must reduce excessive dependence on single 
metropolitan regions. 

15.2 Regional Inequality 

Within-state inequality is a major challenge. Northern Karnataka, Rayalaseema, 
interior Telangana, parts of coastal Andhra Pradesh, and ecologically vulnerable 
regions of Kerala require targeted development. Regional policy must move beyond 
state-level averages. 

15.3 Climate and Water Stress 

South India faces heat, floods, droughts, coastal erosion, groundwater stress, and 
river-basin disputes. Climate adaptation should become central to infrastructure 
planning. 

15.4 Labour-Market Mismatch 

South India has high educational capacity but uneven employment absorption. Kerala 
faces educated unemployment; Tamil Nadu requires continuous industrial skilling; 
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Karnataka and Telangana face digital-skill concentration; Andhra Pradesh requires 
logistics, manufacturing, and agro-processing skills. 

15.5 Fiscal Sustainability 

States must avoid a trade-off where welfare commitments reduce long-term 
productive investment. Fiscal policy should prioritize infrastructure, health, education 
quality, climate resilience, skilling, and urban systems. 

16. Policy Recommendations 

16.1 Establish a South India Regional Economic Council 

The five states should create a coordination platform for infrastructure, climate 
resilience, logistics, tourism, skilling, energy transition, and industrial corridors. This 
would strengthen cooperative federalism while preserving state-level autonomy. 

16.2 Build a Polycentric Urban-Development Strategy 

Each state should identify and finance second-tier growth cities. 

Table 7. Priority Second-Tier Growth Centres 

State Priority second-tier growth centres 

Andhra 

Pradesh 

Visakhapatnam, Vijayawada, Amaravati, Tirupati, Kakinada, 

Kurnool, Nellore 

Karnataka Mysuru, Mangaluru, Hubballi-Dharwad, Belagavi, Tumakuru, 

Davanagere, Kalaburagi 

Kerala Kochi, Thiruvananthapuram, Kozhikode, Kannur, Thrissur, 

Kollam 

Tamil Nadu Coimbatore, Madurai, Tiruchirappalli, Salem, Tiruppur, Hosur, 

Erode, Thoothukudi 

Telangana Warangal, Karimnagar, Nizamabad, Khammam, Mahbubnagar, 

Nalgonda 

16.3 Upgrade Industrial Policy 

South India should focus on higher-value sectors: 

 Electric vehicles and batteries. 

 Semiconductors and electronics. 

 Aerospace and defence manufacturing. 

 Medical devices and biotechnology. 

 Pharmaceuticals and life sciences. 

 Green hydrogen and renewable-energy equipment. 
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 Food processing and marine products. 

 Digital public infrastructure and artificial intelligence services. 

 Climate-resilient construction and water technologies. 

16.4 Strengthen Municipal Finance 

Urban local bodies require stronger fiscal tools: property-tax reform, professional 
municipal cadres, land-value capture, municipal bonds, climate finance, public-
private partnerships, and transparent project pipelines. 

16.5 Create Regional Skill Compacts 

South India should coordinate skill standards across states in logistics, manufacturing, 
AI, health care, tourism, green energy, construction, and advanced services. This 
would support labour mobility and reduce skill mismatch. 

16.6 Integrate Climate Resilience into Growth Strategy 

Climate adaptation should be built into ports, roads, urban drainage, water systems, 
agriculture, energy grids, and housing. Kerala and coastal Tamil Nadu need flood and 
coastal-risk planning. Karnataka, Telangana, Andhra Pradesh, and Tamil Nadu need 
water-security and heat-resilience strategies. 

Conclusion 

South India is one of India’s most successful regional economies, but its future 
development is not guaranteed. Its combined projected five-state GSDP for 2025–26 
is approximately ₹116.95 lakh crore, with Tamil Nadu and Karnataka contributing the 
majority of output. Telangana and Andhra Pradesh are important growth economies 
with distinct trajectories, while Kerala remains a social-development leader requiring 
productive transformation. 

The empirical analysis strengthens the paper’s central argument: South India is a high-
performing but uneven regional economy. Tamil Nadu and Karnataka dominate 
regional output, but Tamil Nadu contributes the largest share of projected incremental 
regional growth because it combines a large economic base with high projected 
nominal growth. Andhra Pradesh’s high projected growth demonstrates the 
importance of reconstruction, logistics, ports, and corridor-led development. 
Telangana and Karnataka confirm the power of metropolitan agglomeration while also 
showing the risks of spatial concentration. Kerala confirms that human development 
and urbanization do not automatically produce industrial depth or high domestic 
employment absorption. 

The hypothesis testing produces four major conclusions. First, urbanization must be 
productive, not merely demographic. Cities raise growth when they are connected to 
infrastructure, employment, manufacturing, services, and logistics. Second, balanced 
structural transformation is superior to narrow sectoral dependence. Tamil Nadu’s 
manufacturing-services combination appears more regionally balanced than pure 
metropolitan service concentration. Third, agglomeration requires spatial correction. 
Bengaluru and Hyderabad are indispensable growth engines, but second-tier cities 
must absorb future growth to reduce congestion and inequality. Fourth, fiscal 
sustainability is central to regional development. Without sound fiscal management, 
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states will struggle to fund infrastructure, climate adaptation, urban development, and 
skill formation. 

The central policy conclusion is that South India must move from metropolitan-led 
growth to polycentric regional development. The next phase should be built around 
second-tier cities, integrated industrial corridors, climate-resilient infrastructure, 
municipal finance reform, green industrialization, skill mobility, and inter-state 
cooperation. Without these reforms, South India risks congestion, fiscal stress, 
ecological vulnerability, and rising intra-state inequality. With them, it can become 
one of Asia’s most competitive, inclusive, and sustainable regional economic systems. 
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Abstract 
Since its bifurcation in 2014, the state of Telangana has deviated from the traditional 
Indian model of centralized development, adopting a "Sub-national System of 
Innovation" (SSI). This paper synthesizes multi-disciplinary perspectives and 
empirical data to evaluate the efficacy of this "Government-led, Industry-driven" 
paradigm. By analyzing the institutional architecture—specifically the "Triple Helix" 
model of Special Purpose Vehicles (SPVs) like T-Hub—and integrating data from the 
RBI Handbook of Statistics, NITI Aayog, and MeitY, we assess the economic 
mechanics of state intervention. The findings suggest that while Telangana has 
achieved distinct agglomeration benefits (evidenced by robust IT export growth and 
high Business Enabler scores), structural inequities persist. RBI data on credit 
concentration reveals that while the friction of capital entry has been reduced in urban 
clusters, significant challenges remain regarding rural diffusion and socio-spatial 
equity. 

1. Introduction 

The governance of innovation in India has historically adhered to a centralized, 
dirigiste trajectory. However, the emergence of Telangana necessitated a 
reconfiguration of this approach, shifting from a passive "Regulator-State" to an active 
"Venture-State." This paradigm shift positions the government not merely as an 
administrator of law but as a lead facilitator within the Triple Helix model, bridging 
government, academia, and industry [1]. 

The primary objective of the Telangana administration has been to minimize 
bureaucratic friction (𝜇)—often described in institutional economics as transaction 
costs [2]—while maximizing institutional interconnectedness (𝐼). This paper serves as 
an empirical audit of this strategy, integrating theoretical economic frameworks with 
performance metrics from federal oversight bodies. 

2. Theoretical Framework: The Sub-National System of Innovation 

2.1 The Institutional Dynamics 

The theoretical efficacy of Telangana’s innovation policy can be modeled as a function 
of capital injection and institutional density. Drawing upon Cooke’s framework for 
Regional Innovation Systems (RIS) [3], we posit that innovation output (𝑌) in this 
specific SSI is determined by: 

𝑌 =
𝐴(𝐾𝛼𝐿𝛽)

𝜇
⋅ 𝑒𝐼 
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Where 𝐴represents total factor productivity, 𝐾and 𝐿are capital and labor inputs, and 
𝐼represents the density of institutional networks. 𝜇represents bureaucratic friction; as 
𝜇 → 1, output is maximized (friction is minimized). 

Empirical Validation: To validate the maximization of 𝐾(Capital), we examine the 
state's fiscal behavior. Data from the Reserve Bank of India (RBI) Handbook of 
Statistics confirms that Telangana prioritizes capital expenditure (Capex) over 
revenue expenditure significantly more than the national average, effectively 
"crowding in" private investment by lowering infrastructure costs. 

Table 1: Capital Outlay as a Percentage of Total Expenditure 
(Comparative Analysis) 

State / Aggregate 2019-20 (%) 2020-21 (%) 2021-22 (RE) (%) 

Telangana 18.7% 23.6% 28.4% 

Karnataka 16.2% 17.1% 15.8% 

Maharashtra 11.4% 10.8% 12.1% 

All States Average 13.4% 14.2% 16.3% 

Source: RBI Handbook of Statistics on Indian States (2022-23) [4]. 

Table 1 demonstrates that Telangana’s resource allocation toward asset creation (𝐾) is 
nearly double the national average in recent fiscal years, providing the fiscal thrust 
necessary to offset 𝜇. 

2.2 Economic Rationale: The Entrepreneurial State 

Economically, this approach aligns with the concept of the "Entrepreneurial State" [5], 
where the public sector internalizes high fixed costs to de-risk private innovation. 

Let the private profit function of a firm be 𝜋𝑖(𝑥𝑖). State policy introduces an 
infrastructure multiplier (𝜇) and subsidy parameter (𝜎): 

𝜋𝑖
∗(𝑥𝑖) = 𝜇𝑅(𝑥𝑖, 𝐗−𝑖) − (1 − 𝜎)𝐶(𝑥𝑖) 

Here, 𝐗−𝑖represents aggregate industry investment (spillovers). The 15th Finance 
Commission noted Telangana's efficiency in revenue mobilization, which allows for 
a higher 𝜎(subsidy capabilities) without breaching fiscal deficit targets defined by the 
FRBM Act [6].^[1] 

3. Institutional Architecture: The "Sandwich Model" of Governance 

To operationalize these theories, Telangana employs a "Sandwich Model," with the 
ITE&C Department at the top, the market at the bottom, and SPVs in the middle acting 
as autonomous buffers. 
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3.1 Key Pillars 

 T-Hub (Technology Hub): A Public-Private Partnership (PPP) designed to 
mitigate the principal-agent dilemma by aligning state goals with private profit 
motives. 

 Telangana State Innovation Cell (TSIC): Tasked with decentralizing 
innovation beyond the Hyderabad metropolis. 

 WE Hub: Specifically targets market failures in gender-based capital 
allocation. 

 RICH (Research and Innovation Circle of Hyderabad): Bridges the 
scientific commercialization gap, addressing the "Valley of Death" in deep-tech 
sectors. 

4. Economic Mechanics and Agglomeration Externalities 

4.1 Agglomeration and Returns to Scale 

The concentration of resources in Hyderabad is a deliberate exercise in 
agglomeration economics, consistent with Krugman’s Core-Periphery model [7]. 
The aggregate production function (𝑌𝑇𝑆) assumes increasing returns to scale: 

𝑌𝑇𝑆 = 𝐴(𝐿, 𝐾) ⋅ 𝐾𝛼𝐿𝛽 𝐺𝛾 

Where 𝐺represents public infrastructure inputs. 

Empirical Evidence: The elasticity of output with respect to government input (𝛾) 
is positive. The success of this agglomeration strategy is empirically visible in the 
explosive growth of IT exports, which validates the correlation between Government 
inputs (𝐺) and economic output (𝑌𝑇𝑆). 

Table 2: Growth of IT/ITeS Exports in Telangana (2014-2022) 

Financial Year IT Exports (₹ Crores) Year-on-Year Growth (%) 

2013-14 (Base) 57,258 - 

2015-16 75,070 13.3% 

2017-18 93,442 9.3% 

2019-20 1,28,807 18.0% 

2020-21 1,45,522 12.98% 

2021-22 1,83,569 26.14% 

Source: Ministry of Electronics & IT (MeitY) and Telangana Socio-Economic 
Outlook [8]. 

Table 2 indicates a CAGR exceeding 15%, confirming that state interventions have 
successfully induced private capital "crowding-in." 
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4.2 Endogenous Growth Implications 

Through the lens of Endogenous Growth Theory (Romer, 1990) [9], policies aim 

to accelerate technological change (𝐴̇) by increasing the human capital devoted to R&D 
(𝐻𝐴): 

𝐴̇ = 𝛿𝐻𝐴
𝜆𝐴𝜙 

However, data from NITI Aayog’s India Innovation Index (2021) highlights a 
discrepancy. While Telangana excels in "Enablers" (Inputs), there is a distinct lag in 
"Performance" (Outputs) compared to established innovation hubs. 

Table 3: NITI Aayog India Innovation Index 2021 (Major States) 

State Enablers Score 
(Rank) 

Performance Score 
(Rank) 

Overall Index 
Score 

Karnataka 39.4 (1) 45.9 (1) 18.01 

Telangana 31.1 (2) 12.8 (4) 17.66 

Maharashtra 31.0 (3) 16.9 (2) 16.06 

Tamil Nadu 26.9 (5) 15.3 (3) 15.69 

Source: NITI Aayog India Innovation Index 2021 [10]. 

This data suggests that while 𝐻𝐴(input/enablers) is high, the conversion parameter 𝛿—
representing the translation of inputs into patents and products—requires 
optimization. 

5. Operational Efficacy: A Practitioner’s Critique 

5.1 The Regulatory Velocity Paradox 

The Telangana State Industrial Project Approval and Self-Certification System (TS-
iPASS) theoretically reduces transaction costs. We define the Regulatory Efficiency 
Ratio (𝑅𝑒) as: 

𝑅𝑒 =
𝑇𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑

𝑇𝑎𝑐𝑡𝑢𝑎𝑙 + 𝜆(𝐶𝑐𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒)
 

While 𝑇𝑎𝑐𝑡𝑢𝑎𝑙has decreased (due to the 15-day clearance mandate), sector-specific data 
reveals variance. In the IT sector, 𝜆 → 0. However, in the Life Sciences sector (Genome 
Valley), compliance burdens remain. The NITI Aayog Export Preparedness 
Index notes that "Regulatory Framework" scores are dragged down by recurring 
operational compliance costs, validating the 𝑅𝑒friction model. 
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5.2 Capital Intensity and The Valley of Death 

A structural mismatch exists in Commercialization Latency. 

 IT/SaaS: Short cycles. 
 DeepTech: Long cycles. 

RBI data on "Bank Credit to MSMEs" in Telangana shows a growth of credit flow, yet 
Venture Capital (VC) deal flow remains heavily skewed toward software. This creates 
a funding gap for hardware-based innovation, often referred to as the "Valley of 
Death." 

5.3 The IP Structural Failure 

Despite a dense network of academic institutions, the Innovation Conversion Rate 
remains suboptimal. 

𝐼𝑐𝑜𝑛𝑣 = ∫ (
∂(𝑃𝑎𝑡𝑒𝑛𝑡𝑠)

∂𝑡
× 𝜂𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟)

𝑇

𝑡=0

𝑑𝑡 

Data from the DPIIT shows that while patent filing from Telangana has increased, the 
ratio of commercialized patents remains low compared to the filing rate, indicating a 
low technology transfer coefficient (𝜂𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟). 

6. Socio-Spatial Equity and Ethical Governance 

A critical development perspective interrogates whether this ecosystem functions as 
an engine of social mobility or an enclave of elite capture. 

6.1 The Innovation-Equity Paradox 

The agglomeration model risks exacerbating regional disparities through "backwash 
effects," as described by Myrdal [11]. Using the Capabilities Approach [12], we 
measure the capability set (𝐶𝑖): 

Δ𝑊 = ∑
∂𝐶𝑖

∂𝑃
𝑖∈Ω𝑣𝑢𝑙𝑛

 

Empirical Divergence: This theoretical concern is substantiated by banking data. 
The Credit-Deposit (C-D) Ratio acts as a proxy for local economic activity and 
reinvestment. A high ratio implies capital is being utilized locally; a low ratio implies 
capital flight. 

Table 4: District-wise Credit-Deposit (C-D) Ratio in Telangana (2022) 

District 
Category 

District 
Name 

C-D Ratio 
(%) 

Interpretation 
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Urban Core Hyderabad 132.4% High Capital Absorption 
(Innovation Hub) 

Urban 
Periphery 

Rangareddy 85.2% Spillover Effects Active 

Rural 
Periphery 

Adilabad 39.5% Capital Flight / Backwash Effect 

Rural Periphery Jagtial 36.8% Low Economic Activity 

Source: Telangana State Level Bankers Committee (SLBC) Report & RBI Data [4]. 

Table 4 reveals a stark disparity. Hyderabad absorbs capital far beyond its deposits 
(132%), while rural districts like Adilabad function as sources of deposits that are likely 
siphoned to finance the core. This confirms the "backwash effect" and limits rural 
capability expansion (Δ𝑊). 

6.2 The Digital Divide and Data Justice 

The T-Fiber project addresses infrastructure access, yet a Second-Level Digital 
Divide persists [13]. 

𝐸𝐷𝐼(𝑑) = 𝛼 ⋅ 𝐼𝑝𝑒𝑛(𝑑) ⋅ (1−
𝐺𝑙𝑖𝑡(𝑑)

100 )
𝛽

 

NITI Aayog’s SDG India Index (Goal 9: Industry, Innovation, and Infrastructure) 
scores Telangana high (70+), but Goal 10 (Reduced Inequalities) shows a lower 
performance relative to its economic growth. This quantitative gap reinforces the 
𝐸𝐷𝐼model: high internet penetration (𝐼𝑝𝑒𝑛) is offset by digital literacy gaps (𝐺𝑙𝑖𝑡) in rural 

cohorts. 

7. Conclusion and Policy Recommendations 

The Telangana model represents a significant evolution in Indian public 
administration. Empirical data presented in Tables 1 through 4 confirms that by 
utilizing SPVs to insulate innovation from bureaucratic inertia, the state has 
successfully reduced the friction of entry and fostered a high-density urban innovation 
cluster. 

However, the analysis reveals three critical imperatives: 

1. From Input to Outcome: As shown in Table 3, a lag exists between 
"Enablers" and "Performance." Policy must shift from subsidizing 
infrastructure to incentivizing commercialization. 

2. Addressing Financial Asymmetry: Table 4 validates acute financial 
centralization. The state must incentivize capital flow to peripheral districts to 
prevent "innovation enclaves."^[2] 
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3. Regulatory Sandboxes: Move beyond TS-iPASS to create specific sandboxes 
for disruptive technologies, addressing the operational friction (𝜆) identified in 
the Life Sciences sector. 

Future research must rigorously monitor the Gini coefficient of Innovation to 
ensure that the "Venture State" does not inadvertently engineer an inequality of 
opportunity. 

Footnotes 

[1]: The Fiscal Responsibility and Budget Management (FRBM) Act sets 
institutional limits on state borrowing. Telangana's ability to maintain high Capital 
Expenditure while adhering to these limits indicates efficient fiscal management of its 
revenue receipts. 

[2]: "Innovation Enclaves" refer to geographically isolated pockets of high-tech 
development that fail to integrate with the surrounding regional economy, often 
leading to a dual-economy structure. 
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Abstract: 

The transition from localized, firm-based employment to distributed, algorithmic 
platform work necessitates a fundamental restructuring of labour jurisprudence and 
regulatory auditing. This advanced research monograph dismantles the legal fiction of 
the "independent contractor" within the platform economy, identifying it as an 
architecture of deliberate regulatory arbitrage and systemic fiscal leakage. By 
deploying a convergent mixed-methods design, the analysis quantifies the 
mechanisms of algorithmic subordination, monopsony rent extraction, and epistemic 
injustice inherent in digital labour marketplaces. Through econometric modelling, the 
monograph formalizes an Information Asymmetry Index and mathematically exposes 
hidden macroeconomic externalities, demonstrating how digital platforms offload 
capital depreciation and stochastic income volatility onto precarious workers and the 
state. Advancing beyond traditional binary classification debates, this treatise 
constructs a proactive algorithmic auditing framework tailored for revenue authorities 
and labour inspectorates. It maps the requisite transition from entity-based auditing 
to protocol-based horizon auditing, anticipating the dissolution of centralized 
platforms into decentralized autonomous organizations (DAOs) and smart-contract 
labour protocols. Ultimately, the monograph provides actionable legislative and 
enforcement directives to neutralize algorithmic wage discrimination, mandate 
dynamic transparency, and secure the systemic viability of the global social contract. 

Keywords: Gig Economy, Regulatory Arbitrage, Algorithmic Management, Statutory 
Misclassification, Fiscal Leakage, Fissured Workplace. 

 

I. Introduction: The Devolution of the Standard Employment Contract 

A. The Genesis of Platform-Mediated Labour 

The architecture of modern labour allocation has undergone a paradigm shift, 
transitioning from the localized, Coasian firm to the decentralized, algorithmic digital 
platform. Traditionally, the boundaries of the firm were defined by the reduction of 
transaction costs; internalization of labour was economically superior to continuous 
market contracting. Platform-mediated labour reverses this calculus. By leveraging 
advanced telemetry and machine learning, digital platforms manufacture an illusion 
of disintermediation. They orchestrate hyper-efficient markets and dictate granular 
execution parameters without assuming the reciprocal legal liabilities historically 
tethered to the employer-employee dyad. 

B. Defining the Scope of the Monograph 
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Operating at the intersection of labour economics, statutory compliance, and digital 
governance, this monograph provides a systematic deconstruction of the operational 
mechanics that enable unprecedented capital extraction in the gig economy. The 
strategic objective is to equip regulatory bodies, compliance auditors, and labour 
economists with a mathematically rigorous empirical framework to pierce the veil of 
algorithmic opacity. Statutory misclassification is not a byproduct of digital 
innovation; it is the foundational mechanism of platform profitability. 

C. Narrative Arc and Structural Roadmap 

The subsequent analysis progresses from the theoretical epistemology of the fissured 
workplace to empirical econometric methodologies measuring monopsony power and 
fiscal leakage. By integrating ethical constraints with macroeconomic risk models, the 
text constructs a multi-dimensional algorithmic auditing framework. Finally, it 
anticipates the trajectory of decentralized labour protocols, offering regulatory bodies 
actionable enforcement architectures to mitigate systemic risk. 

II. Theoretical Foundations & Strategic Context 

A. Epistemology of the "Fissured Workplace" 

The strategic triumph of the platform economy relies on the absolute externalization 
of operational risk, a phenomenon Weil (2014) identifies as the "fissured workplace." 
Applied to digital architectures, fissuring achieves its terminal velocity. Platforms 
meticulously classify workers as independent contractors to circumvent formal 
employment liabilities, yet exert total control over labour processes via opaque 
algorithmic management (Prassl, 2018). This dialectic—high control coupled with zero 
liability—facilitates the deliberate obfuscation of the employer-employee relationship, 
transferring macroeconomic risk from capital directly to decentralized labour. 

B. Transaction Cost Economics and Platform Monopsony 

Asymmetric Information in Algorithmic Markets 

At the core of digital labour exploitation is the weaponization of data. Platforms do not 
operate as neutral clearinghouses; they act as algorithmic monopsonists (Manning, 
2020). They achieve this through the orchestration of extreme information 
asymmetry, a dynamic that nullifies the foundational premise of autonomous 
contracting (Rosenblat & Stark, 2016). 

Information hoarding by platform operators as a mechanism of market 
control. Platforms possess total visibility into market conditions, consumer 
willingness to pay, and worker history, whereas workers are algorithmically blinded, 
receiving only the dispatch parameters the platform selectively exposes. The 
platform's Information Asymmetry Index (𝐼𝐴) serves as a critical regulatory auditing 
metric. Let 𝐷𝑝 represent the total dataset possessed by the platform regarding a 

specific micro-task, and 𝐷𝑤 represent the data points exposed to the worker prior to 
acceptance. The index is defined as: 

𝐼𝐴 = 1 −
∑ (

𝑛

𝑖=1
𝐷𝑤𝑖

)

∑ (
𝑚

𝑗=1
𝐷𝑝𝑗

)
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Where 𝐼𝐴 → 1, the platform achieves perfect informational dominance. For compliance 
auditors, 𝐼𝐴 > 0.85 directly invalidates the independent contractor classification. 
Genuine independent contractors require symmetrical market data for price 
discovery; gig workers operating under high 𝐼𝐴 are dictated to by algorithmic fiat. 

Impact on wage discovery and labour supply elasticity. 

The extent of platform monopsony power is mathematically verifiable through the 
elasticity of labour supply to the platform (𝑒𝐿). Under perfect competition, 𝑒𝐿 → ∞. 
Algorithmic lock-in, gamification, and the absence of viable alternatives engineered by 
platform architectures severely depress elasticity. The wage markdown (𝜇), 
representing the proportionate deviation of the wage from the worker's marginal 
revenue product (𝑀𝑅𝑃𝐿), is expressed via the inverse elasticity rule: 

𝜇 =
𝑀𝑅𝑃𝐿 − 𝑤

𝑤
=

1

𝑒𝐿
 

Platforms deliberately maintain low 𝑒𝐿 through algorithmic penalties and stratified 
status tiers. Auditors must interpret 𝑒𝐿 < 2 as definitive econometric evidence of 
monopsony extraction. 

C. The Jurisprudence of Misclassification 

The digital economy has effectively outpaced mid-20th-century labour jurisprudence. 
Static regulatory frameworks, such as the "ABC Test" and the "Economic Realities 
Test," rely on analog indicators of control (e.g., physical supervision, mandated 
schedules) that are easily bypassed by API-driven architectures (Aloisi, 2016). This 
regulatory stagnation enables sustained structural arbitrage, demanding a total 
recalibration of how control and dependency are legally quantified. 

III. Multidimensional Methodology 

A. Research Design and Epistemological Stance 

Addressing the opacity of the gig economy requires a convergent mixed-methods 
design tailored for regulatory enforcement. The methodology combines econometric 
panel data analysis of non-standard income flows with phenomenological audits of 
algorithmic control mechanisms. 

B. Quantitative Vectors: Econometric Modeling of Fiscal Leakage 

Data Aggregation Techniques 

To map the exact parameters of regulatory arbitrage, anonymized tax microdata 
spanning 2015–2023 was synthesized, tracking non-standard 1099 and self-
employment income flows. This longitudinal panel data establishes the baseline for 
capturing the shadow economy generated by platform-mediated micro-tasks. 

Isolation of Endogeneity 

The models rigorously control for macroeconomic variables, isolating the impact of 
algorithmic wage depression from exogenous shocks, such as pandemic-induced 
labour supply shifts or localized legislative interventions. 
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C. Qualitative Vectors: Phenomenological Audits of Algorithmic Control 

Reverse-Engineering the "Boss" 

Because platforms claim proprietary protection over their machine learning models, 
the audit methodology relies on reverse-engineering the algorithmic manager. This 
involves API endpoint analysis, terms of service change logs, and the aggregation of 
worker-reported dispatch latency metrics to identify behavioral nudging and hidden 
penalty structures. 

Legal Case Law Synthesis 

Jurisprudential variance dictates platform behavior. A comparative analysis of 
rulings—such as the UK Supreme Court’s Uber BV v Aslam mandating worker status 
versus the statutory exemptions established by California’s Proposition 22—
demonstrates how platforms dynamically re-code their operations in response to 
regional legal threats. 

IV. Dialectical Review (The Critic's Perspective) 

A. The Neoclassical Defense of the Gig Economy 

Frictionless Labour Allocation 

Proponents of the platform model argue that gig platforms act as neutral, multi-sided 
markets that drastically reduce search frictions, optimizing the allocation of discrete 
labour units to minimize deadweight loss. 

Micro-Entrepreneurship and Autonomy 

Under neoclassical assumptions, the gig economy lowers barriers to entry, providing 
hyper-flexible micro-entrepreneurship for marginalized cohorts. The temporal 
flexibility offered by platforms is cited as an inherent compensating differential, 
justifying the absence of standard employment benefits. 

B. The Auditor’s Rebuttal: Synthesizing the Dialectic 

The Fallacy of True Autonomy 

The purported efficiency of the gig model is largely an accounting illusion. The 
dialectic of gig precarity reveals that platforms weaponize gamification and penalty 
architectures (e.g., deactivation thresholds) to mimic traditional managerial 
subordination. True entrepreneurial autonomy requires pricing power and client 
acquisition; platform workers possess neither. 

Systemic Risk vs. Individual Flexibility 

Platforms achieve profitability by externalizing the cost of social reproduction. When 
platforms utilize monopsony power to depress wages, the state is forced to subsidize 
the workforce through public assistance programs. This dynamic constitutes systemic 
fiscal parasitism. Platforms are not highly productive; they are merely efficient at 
socializing risk while privatizing capital accumulation. 

V. Deep Sector Analysis: Auditing the Invisible Mechanics 
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A. Algorithmic Subordination and the Control Proxy 

Traditional audits fail because they target human management. In digital labour, the 
algorithm is the locus of liability. Platforms calculate localized wages 𝑤𝑖(𝑡) offered to 
worker 𝑖 at time 𝑡 not by objective labour value, but by the worker's mathematical 
probability of acceptance (Dubal, 2017). By leveraging behavioral profiling, platforms 
engage in first-degree algorithmic wage discrimination: 

𝑤𝑖(𝑡) = arg min 𝑤[𝑃(Accept
𝑖

∣ 𝑤, 𝐻𝑖 , 𝑆) ≥ 𝜏] 

Where 𝐻𝑖  is historical worker data, 𝑆 is real-time spatial supply/demand, and 𝜏 is the 
dispatch latency threshold. Systemic variance in 𝑤𝑖(𝑡) for identical micro-tasks 
constitutes a definitive violation of equitable compensation statutes. 

Furthermore, the moral implication of this architecture is embedded in the platform's 
objective function, which systematically treats human dignity as an economic 
externality. The platform identifies an optimal policy 𝜋∗ that maximizes 
revenue 𝑅 minus costs 𝐶: 

𝜋∗ = arg max 𝜋 𝔼𝑠∼𝑃 [∑ 𝛾𝑡
𝑇

𝑡=0
(𝑅𝑡(𝑠𝑡, 𝜋(𝑠𝑡)) − 𝐶𝑡(𝑠𝑡, 𝜋(𝑠𝑡)))] 

This loss function explicitly excludes a human welfare parameter, driving the 
algorithm to converge on exploitative labour conditions to achieve Pareto efficiency 
for the corporation. 

B. Taxation, Compliance, and Fiscal Hemorrhaging 

VAT and Independent Contractor Loopholes 

Platform profitability is heavily dependent on the extraction of Algorithmic Rent (𝑅𝐴). 
The platform decouples the consumer price (𝑃𝑐) from the worker wage (𝑊𝑤), claiming 
the differential is a technology fee rather than gross revenue, thereby evading massive 
vectors of Value-Added Tax (VAT) and corporate income tax. 

𝑅𝐴(𝑡) = 𝑃𝑐(𝑡) − 𝑊𝑤(𝑡) − 𝐶𝑡 

Where 𝐶𝑡 is marginal infrastructural cost. Regulatory audits must subpoena backend 
relational databases to track the real-time divergence of consumer dynamic pricing 
from labour compensation, taxing the systemic spread. 

Auditing the Shadow Economy 

Auditors must calculate the total societal cost of labour, 𝐶𝑡𝑜𝑡𝑎𝑙 , which diverges sharply 
from the platform’s private cost. The macroeconomic hidden externality, 𝐸ℎ𝑖𝑑𝑑𝑒𝑛 , is 
formalized as: 

𝐸ℎ𝑖𝑑𝑑𝑒𝑛 = ∑ (
𝑛

𝑖=1
𝑇𝑢,𝑖 ⋅ 𝑤𝑟) + 𝛿𝐾𝑑 + Ψℎ𝑒𝑎𝑙𝑡ℎ + Φ𝑐𝑖𝑣𝑖𝑐  

Here, 𝑇𝑢,𝑖  denotes aggregate uncompensated time spent engaged with the platform, 

priced at the reservation wage 𝑤𝑟. 𝛿𝐾𝑑  captures uncompensated capital depreciation 
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(e.g., vehicle wear), Ψℎ𝑒𝑎𝑙𝑡ℎ  represents deferred healthcare costs, and Φ𝑐𝑖𝑣𝑖𝑐  denotes 
the fiscal drain on state safety nets (Todolí-Signes, 2017). 

C. Occupational Health, Safety, and Liability (OHS) 

By reclassifying "engaged waiting" as off-the-clock contractor time, platforms create a 
legal vacuum regarding occupational injuries. For auditors to ascertain true economic 
reality, the Net Realized Wage (𝑊𝑛𝑒𝑡) must be calculated: 

𝑊𝑛𝑒𝑡 = ∫ 𝑤(𝑡)𝑑𝑡 −
𝑡1

𝑡0

(∑𝛿𝐾𝑖 + ∑𝑅𝑒 + 𝐶𝑜) 

Dividing 𝑊𝑛𝑒𝑡  by total online hours frequently reveals compensation well below 
statutory minimums. 

VI. Ethical Governance & Impact Matrix 

A. Constructing the Algorithmic Audit Framework 

To safeguard human dignity and enforce statutory compliance, regulators must 
operationalize algorithmic audits directly against platform APIs. 

Transparency Directives 

Regulators must monitor Algorithmic Wage Volatility (𝜎𝑤
2 ). High variance induces 

chronic psychological stress and prevents financial planning. Time-adjusted wage 
volatility for an active worker cohort is defined as: 

𝜎𝑤
2 =

1

𝑁
∑ (

𝑤𝑖

ℎ𝑖
−𝜇𝑤/ℎ)

2𝑁

𝑖=1
 

Where ℎ𝑖 is total engaged time (inclusive of wait time). Volatility exceeding localized 
living-wage baselines must trigger mandatory floor-pricing. 

Algorithmic Impact Assessments (AIAs) 

Platforms routinely deny shadow banning workers who decline tasks. AIAs must 
perform regression analysis on dispatch latency Δ𝑡 against historical refusal rates 𝑟𝑖: 

Δ𝑡𝑖 = 𝛽0 + 𝛽1𝑟𝑖 + 𝛽2𝐙𝑖 + 𝑢𝑖 

If 𝛽1 demonstrates a statistically significant positive correlation (𝑝 < 0.05), the 
platform is applying hidden disciplinary measures, definitively proving behavioral 
subordination. 

B. The Portable Benefits Matrix 

Addressing the structural insolvency of gig work requires establishing centralized, 
multi-employer contribution mechanisms. A portable benefits matrix compels 
platforms to pay pro-rata micro-contributions (for healthcare, workers' compensation, 
and retirement) based directly on gig hours worked or API calls instantiated. This 
neutralizes the competitive advantage of misclassification, 
internalizing Ψℎ𝑒𝑎𝑙𝑡ℎ  directly onto the platform's balance sheet. 
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C. Global Interoperability of Labour Standards 

The digital nature of algorithmic management allows for borderless capital extraction, 
particularly in remote crowdwork environments (e.g., micro-tasking platforms). 
Global interoperability requires multilateral tax treaties that enforce digital services 
taxes at the locus of labour, not the locus of corporate incorporation, effectively 
severing the platform's ability to engage in geographic regulatory arbitrage. 

VII. Synthesis & Strategic Convergence 

A. Convergence of Findings 

The multi-disciplinary convergence of this monograph establishes an irrefutable 
premise: the gig economy, in its current iteration, is not a technological inevitability. 
It is a legally constructed architecture of regulatory avoidance. Algorithmic 
management strips human labour of both dignity and capital, utilizing epistemic 
injustice to facilitate monopsony rent extraction. 

However, extrapolation of this model reveals an impending paradigm shift. The 
centralized platform (e.g., Uber, Deliveroo) represents merely a transitional phase. We 
are observing the foundational coding for a shift to decentralized labour networks—
Decentralized Autonomous Organizations (DAOs) executing peer-to-peer labour 
matching via cryptographically secured smart contracts (Wood et al., 2021). 

In a fully decentralized labour network 𝐺𝑑, the topology shifts to a scale-free network. 
While proponents argue this eliminates the central monopsonist, it instead 
creates Ontological Subordination. Subordination transitions from a managerial 
practice to an immutable mathematical absolute embedded in blockchain 
protocols: IF 𝒯𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 ∧ 𝒱𝑣𝑒𝑟𝑖𝑓𝑖𝑒𝑑  THEN 𝒫𝑟𝑒𝑚𝑖𝑡. 

B. Actionable Directives for Regulatory Bodies 

The regulatory burden of auditing these future networks scales non-linearly. The 
computational cost of auditing a decentralized labour network, 𝐶𝐴, can be modeled 
using a derivative of Shannon entropy: 

𝐶𝐴 = − ∑ 𝑃(
𝑁

𝑖=1
𝑥𝑖)log 2 𝑃(𝑥𝑖) ⋅ 𝜆𝑐𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒  

To proactively counteract the total erosion of the tax base, compliance methodologies 
must immediately pivot. 

 Legislative Roadmap: Transition from static legal tests (Employee vs. 

Contractor) to functionally dynamic worker classifications based on 

dependency metrics. Establish frameworks for distributed proportional 

liability in DAOs, tracing regulatory liability to protocol developers and 

liquidity providers. 

 Enforcement Roadmap: Shift the burden of proof from the worker to the 

platform via presumptive employment statutes. Mandate the integration of On-

Chain Regulatory Oracles within labour protocols to automatically enforce 

localized minimum wage vectors 𝑊𝑚𝑖𝑛 ≤ ∫ 𝑓(𝑥)𝑑𝑥 before smart contracts 
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execute. Implement real-time, algorithmic micro-taxation embedded directly 

into the transaction protocol. 

C. Final Concluding Narrative 

The systemic viability of the global social contract is actively threatened by the 
unconstrained expansion of algorithmic labour architectures. Regulatory stagnation 
has permitted digital platforms to operate as shadow states, extracting immense 
societal value while externalizing systemic risk onto public infrastructure. Restoring 
equity demands moving beyond analog jurisprudence. By deploying code-native 
auditing algorithms capable of parsing the mathematics of algorithmic subordination, 
regulatory bodies can compel digital marketplaces to internalize their costs, ensuring 
that the technology dictating human labour fundamentally respects the economic 
security and moral autonomy of the worker. 
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Abstract 

Child labour in India persists in local and informal industries such as small 
manufacturing units, garages, roadside eateries, construction sites, brick kilns, 
garment work, agriculture, waste sorting, domestic work, and home-based production. 
Although India has legal and institutional mechanisms to address child labour, 
including the Child and Adolescent Labour framework, the PENCIL portal, Mission 
Vatsalya, and Samagra Shiksha, implementation remains constrained by poverty, 
migration, weak inspection systems, informal subcontracting, school exclusion, adult 
wage insecurity, and limited rehabilitation follow-up. This paper develops a 
comprehensive theoretical, empirical, and data-analytical framework for building 
child-labour-free local industry ecosystems in India. It integrates human capital 
theory, household poverty and labour supply theory, informal economy theory, social-
ecological child protection theory, and trauma-informed rehabilitation theory. The 
paper proposes the CHILD-SAFE framework: Census of vulnerable children and risk 
zones, Health and hazard inspection, Immediate rescue and child-friendly care, Legal 
action, Direct family support, School reintegration, Adult wage and livelihood 
correction, Follow-up for two years, and Ethical industry certification. It further 
proposes the “One Child, Five Protectors” model, linking every rescued or vulnerable 
child with a teacher, NGO or social worker, community volunteer, government 
contact, and mentor. The paper also presents empirical models, including logistic 
regression, difference-in-differences, survival analysis, industry compliance scoring, 
and a Child Labour Vulnerability Index. The central argument is that child labour 
cannot be eliminated through rescue operations alone; sustainable elimination 
requires enforcement, education, livelihood support, psychosocial care, family 
strengthening, community vigilance, and industry accountability. 

Keywords: child labour, India, informal economy, child protection, school 
reintegration, rehabilitation, ethical industry certification, Mission Vatsalya, 
Samagra Shiksha, PENCIL portal, district governance 

 

1. Introduction 

Child labour is not merely a labour-market violation. It is a multidimensional 
deprivation involving child protection, education, public health, social justice, human 
capital formation, family vulnerability, and governance failure. In India, child labour 
remains concentrated in informal and local industries where regulation is weak, 
subcontracting is common, age records are absent, and children may be hidden in 
household-based or small-scale production. The policy note that informs this paper 
correctly argues that child labour should not be treated only as an employment issue 

Volume 1, Issue 1 (Inaugural & Special Issue), July-September 2026



SOUTH INDIA JOUR s://sea.net.in 

        

  

PUBLISHED BY SOUTHERN ECONOMIC ASSOCIATION (SEA) 111 

 

but as a wider failure of social protection, education, community responsibility, and 
ethical production.  

The latest global estimates show that child labour remains a major development 
challenge. ILO and UNICEF estimated that nearly 138 million children were in child 
labour in 2024, including around 54 million in hazardous work likely to harm their 
health, safety, or development. Although this represents progress from the 2020 
estimate of 160 million children, the world has still not achieved elimination. In India, 
the most widely cited official benchmark remains Census 2011, which recorded 10.1 
million working children aged 5–14 years out of a child population of 259.6 million in 
that age group.  

India has developed several institutional instruments to respond to this challenge. The 
PENCIL portal was created to connect the central government, state governments, 
districts, project societies, and public complaint mechanisms for more effective 
enforcement. The National Child Labour Project has been subsumed under Samagra 
Shiksha from April 1, 2021, meaning rescued children are to be mainstreamed into 
formal education through the schooling system. Yet legal and institutional architecture 
alone cannot eliminate child labour unless districts can identify vulnerable children, 
rescue them safely, rehabilitate them emotionally and educationally, support families 
economically, prosecute exploiters, and make local industries accountable. 

This paper therefore asks: How can India build a child-labour-free local 
industry ecosystem at the district and community levels through 
integrated enforcement, education, rehabilitation, family support, 
industry certification, data analytics, and long-term follow-up? 

2. Research Problem 

Child labour persists because many interventions remain fragmented. Rescue 
operations may remove children from workplaces temporarily, but without 
counselling, school reintegration, family livelihood support, bridge learning, legal 
enforcement, and sustained monitoring, children may return to work. In informal 
local industries, this risk is intensified by poverty, seasonal migration, debt, low adult 
wages, hidden subcontracting, poor sanitation, weak inspections, and lack of employer 
records. 

The core research problem is therefore: 

India’s child labour response often addresses visible workplace violations 
but insufficiently integrates prevention, rehabilitation, education, 
psychosocial support, family livelihood stabilization, adult wage 
correction, community monitoring, and ethical industry accountability. 

The original policy note states that the goal should not be limited to rescuing children 
from workplaces; the real goal should be to rescue children into safety, schooling, 
dignity, family stability, and future opportunity. This paper converts that principle into 
a theoretical, empirical, and operational research framework. 

3. Research Objectives 

This paper has eight objectives: 
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1. To examine child labour in India as a multidimensional governance, education, 

labour-market, child protection, and social justice problem.  

2. To develop a theoretical framework explaining child labour through human 

capital, household poverty, informal economy, social-ecological, and trauma-

informed lenses.  

3. To propose an empirical framework for measuring child labour risk, rescue 

outcomes, rehabilitation success, and industry compliance.  

4. To develop the CHILD-SAFE district-level framework for prevention, rescue, 

rehabilitation, school reintegration, family support, livelihood correction, 

follow-up, and ethical certification.  

5. To propose the “One Child, Five Protectors” community model for child-

centred protection.  

6. To design data indicators, empirical models, and a Child Labour Vulnerability 

Index for district prioritization.  

7. To provide an implementation roadmap for government, schools, NGOs, 

industries, and communities.  

8. To present policy recommendations for a child-labour-free local industry 

ecosystem in India.  

4. Literature and Evidence Review 

4.1 Global Evidence on Child Labour 

Global child labour has declined over the long term, but it remains widespread. The 
2024 ILO–UNICEF estimates show that nearly 138 million children were engaged in 
child labour, including around 54 million in hazardous work. The global evidence 
demonstrates that child labour is shaped by poverty, weak social protection, lack of 
decent adult employment, school exclusion, conflict, migration, disasters, and 
informal economic demand. 

The reduction from 160 million children in 2020 to 138 million in 2024 is encouraging, 
but the persistence of hazardous child labour shows that enforcement and prevention 
remain inadequate. This global pattern is directly relevant to India because informal 
work, household vulnerability, and schooling barriers remain central to child labour 
risk. 

4.2 Child Labour in India 

India’s official Census 2011 data remain the main national reference point. The ILO’s 
India fact sheet reports that India had 259.6 million children aged 5–14 years in 2011, 
of whom 10.1 million were working children. This figure is likely to understate hidden, 
seasonal, household-based, and unpaid child work, especially in informal industries 
and family enterprises. 

Child labour in India is not evenly distributed. It is more likely where informal work is 
dense, school access is weak, household income is unstable, migration is high, and 
local enforcement is limited. Common sectors include agriculture, construction, brick 
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kilns, garments, small manufacturing, garages, food establishments, domestic work, 
waste sorting, and home-based production. 

4.3 Education and Schooling 

Schooling is one of the strongest protective factors against child labour. Children who 
are out of school, irregular in attendance, academically behind, migrant, or socially 
excluded are more vulnerable to work. The integration of the National Child Labour 
Project into Samagra Shiksha from April 1, 2021, makes the education system central 
to rehabilitation. Government releases state that rescued and withdrawn children are 
now to be rehabilitated and mainstreamed through Samagra Shiksha mechanisms.  

However, enrolment alone is insufficient. Rescued children may require bridge 
education, psychosocial counselling, learning recovery, peer integration, transport 
support, uniforms, digital support, and teacher mentoring. A child formally enrolled 
but irregularly attending school remains at risk of returning to labour. 

4.4 Poverty, Debt, Migration, and Adult Wages 

Child labour often reflects household survival pressure. Families may rely on 
children’s earnings, unpaid assistance, sibling care, household production, or debt 
repayment. This does not mean families should be blamed or humiliated. As the policy 
note emphasizes, families need support, not humiliation, because many are trapped 
by survival pressure.  

Adult wage correction is therefore essential. If adults remain underpaid, irregularly 
employed, or excluded from welfare schemes, children become economic shock 
absorbers. Sustainable elimination of child labour requires adult employment, fair 
wages, debt counselling, women’s self-help groups, social security, ration access, 
health protection, and livelihood support. 

4.5 Informal Industry and Employer Accountability 

Child labour persists partly because local industries benefit from cheap, compliant, 
and easily controlled labour. Informal establishments often lack written contracts, age 
records, wage records, sanitation, safety systems, and grievance mechanisms. 
Subcontracting allows formal actors to deny responsibility while work is pushed into 
hidden units or homes. 

The policy note therefore rightly argues that employers must be accountable and that 
poverty cannot become an excuse for businesses to exploit children. This paper 
extends that argument by proposing district-level ethical certification tied to licensing, 
procurement, CSR partnerships, public recognition, and penalties. 

5. Theoretical Framework 

This study uses five complementary theoretical lenses. 

5.1 Human Capital Theory 

Human capital theory views education, health, nutrition, and skills as investments in 
future productivity and well-being. Child labour damages human capital by reducing 
schooling, learning time, rest, physical safety, emotional development, and future 
earning potential. 
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From this lens, child labour is not merely a present violation; it is a long-term national 
productivity loss. A child removed from school to work may earn a small immediate 
income but lose future educational mobility, skills, and occupational choice. 

Policy implication: School reintegration, learning recovery, bridge education, and 
health care must be treated as core child labour elimination strategies. 

5.2 Household Poverty and Labour Supply Theory 

Household poverty theory explains child labour as a constrained decision under 
survival pressure. When adult income is low, debt is high, welfare access is weak, or 
migration disrupts schooling, households may allocate children’s time to work. Child 
labour therefore reflects not only employer demand but also household economic 
distress. 

Policy implication: Rescued children should be supported through family-level 
welfare linkage, adult employment, social protection, debt counselling, and livelihood 
correction. 

5.3 Informal Economy and Labour Demand Theory 

Informal economy theory explains child labour through weak regulation, hidden 
production, subcontracting, and low-cost labour demand. Children are employed 
because they are cheap, less likely to complain, and easier to control. Local industries 
may survive by externalizing costs onto children’s health, education, and dignity. 

Policy implication: Ethical industry certification, age verification, adult wage 
records, subcontractor disclosure, workplace inspections, and penalties are necessary. 

5.4 Social-Ecological Child Protection Theory 

The social-ecological model explains child vulnerability across multiple levels: child, 
family, school, workplace, community, district administration, and policy 
environment. Child labour occurs when protection fails across these levels 
simultaneously. 

Policy implication: The response must connect schools, families, government, 
NGOs, communities, and industry rather than relying on one department. 

5.5 Trauma-Informed Rehabilitation Theory 

Rescued children may carry fear, shame, guilt, silence, distrust, trauma, and low 
confidence. Rehabilitation must therefore include emotional first aid, counselling, 
mentoring, play, art, sports, peer support, and child-friendly communication. 

The policy note’s statement that “emotion must become structure” is a key theoretical 
contribution. It means compassion must be institutionalized through protocols, 
trained adults, school adjustment support, counselling records, and follow-up 
indicators. 

6. Conceptual Framework 

The paper conceptualizes child labour as the outcome of interacting risk factors and 
weak protective systems. 
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6.1 Structural Risk Factors 

 Household poverty  

 Debt  

 Low adult wages  

 Adult unemployment  

 Seasonal migration  

 School absenteeism  

 Dropout  

 Learning deficit  

 Informal industry density  

 Lack of age records  

 Weak inspections  

 Weak welfare access  

 Employer exploitation  

6.2 Mediating Factors 

 Household income pressure  

 School exclusion  

 Employer recruitment  

 Poor documentation  

 Psychological distress  

 Lack of counselling  

 Weak social protection  

 Absence of community monitoring  

6.3 Moderating Protective Factors 

 Strong district enforcement  

 PENCIL complaint responsiveness  

 Samagra Shiksha bridge learning  

 Mission Vatsalya child protection services  

 NGO follow-up  

 Teacher monitoring  
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 Mentor support  

 Welfare linkage  

 Adult livelihood support  

 Ethical industry certification  

6.4 Outcomes 

 Reduced child labour incidence  

 Increased rescue and rehabilitation success  

 Improved school reintegration  

 Higher attendance retention  

 Lower re-entry into labour  

 Improved psychosocial adjustment  

 Increased industry compliance  

 Reduced repeat violations  

7. Proposed Model: CHILD-SAFE Framework 

This paper proposes a district-level model called CHILD-SAFE. 

C — Census of Vulnerable Children and Risk Zones 

Districts should map out-of-school children, irregular school attendees, migrant 
children, street-connected children, children in high-risk families, and children in 
high-risk industries. Data should come from schools, Anganwadi centres, labour 
inspections, local bodies, NGOs, PENCIL complaints, police records, and child 
protection systems. 

H — Health, Sanitation, and Hazard Inspection 

Workplaces should be inspected not only for the presence of children but also for 
unsafe machinery, chemicals, heat, dust, overcrowding, lack of toilets, unsafe drinking 
water, wage abuse, physical violence, and sexual exploitation risk. 

I — Immediate Rescue and Child-Friendly Care 

Rescue operations should involve labour departments, police, Child Welfare 
Committees, District Child Protection Units, health teams, and credible NGOs. 
Children should receive food, shelter, medical care, counselling, protection from 
employer pressure, and child-friendly communication. 

The first message to a rescued child should be: 

“You are safe. You did nothing wrong. You are not a burden. You deserve school, 
health, rest, play, and respect.” 

L — Legal Action Against Exploiters 
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Employers, contractors, traffickers, and repeat offenders should face prosecution, 
licence cancellation, public blacklisting, and denial of government contracts. Legal 
accountability must include subcontractors and hidden production units. 

D — Direct Family Support and Welfare Linkage 

Families should be linked with ration cards, health insurance, job cards, adult 
employment, social security schemes, women’s self-help groups, debt counselling, 
housing support, and skill training. 

S — School Reintegration and Bridge Learning 

Rescued children should receive bridge education, flexible admission, learning 
assessment, uniforms, transport support, counselling, digital learning, peer 
integration, and teacher mentoring. Reintegration should be measured by attendance 
and learning, not admission alone. 

A — Adult Wage and Livelihood Correction 

Child labour cannot end if adults remain underpaid. District labour systems should 
monitor adult wages, payment delays, unsafe adult work, contractor exploitation, and 
social security coverage. 

F — Follow-Up for Two Years 

Each rescued child should be tracked for at least 24 months through school 
attendance, family visits, counselling records, learning progress, welfare status, and 
re-employment risk. 

E — Ethical Industry Certification 

Districts should introduce a Child-Labour-Free Local Industry Certification. 
Certification should require: 

 Verified age records  

 No child labour  

 Adult wage records  

 Worker safety systems  

 Toilets and drinking water  

 Protective equipment  

 Grievance mechanism  

 Subcontractor disclosure  

 No repeat violations  

 Surprise inspection compliance  

8. Community Model: One Child, Five Protectors 
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The paper proposes a community-level support circle called One Child, Five 
Protectors, directly adapted from the policy note.  

Every rescued or vulnerable child should be connected to five protectors: 

1. Teacher: Tracks attendance, learning, adjustment, and emotional behaviour.  

2. NGO or social worker: Supports counselling, documentation, legal aid, and 

family follow-up.  

3. Community volunteer: Observes local risks, employer pressure, and 

possible re-employment.  

4. Government contact: Links the child and family with welfare, education, 

health, and protection services.  

5. Mentor: Provides confidence-building, emotional support, motivation, and 

life guidance.  

This model does not depend primarily on money. It depends on consistent human 
presence, trust, accountability, and local vigilance. 

9. Empirical Framework 

9.1 Research Design 

The study proposes a mixed-methods, district-level, quasi-experimental 
design. It combines quantitative child-level, household-level, school-level, 
workplace-level, and administrative data with qualitative interviews and case 
tracking. 

The unit of analysis is the child. Secondary units include households, schools, 
workplaces, industries, wards, villages, and districts. 

9.2 Research Questions 

RQ1. What household, school, workplace, and governance factors predict child 
labour risk in local industries? 

RQ2. Does the CHILD-SAFE framework improve rescue, rehabilitation, school 
reintegration, and prevention outcomes compared with standard enforcement? 

RQ3. Does family welfare linkage reduce the probability of re-entry into child labour? 

RQ4. Does ethical industry certification improve workplace compliance and reduce 
violations? 

RQ5. Does emotional rehabilitation improve school adjustment, confidence, 
attendance, and long-term retention? 

9.3 Hypotheses 

H1: Children from households with poverty, debt, migration, and weak welfare 
access are more likely to enter child labour. 
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H2: School absenteeism and learning deficits significantly increase child labour 
vulnerability. 

H3: Informal industry density is positively associated with child labour incidence. 

H4: CHILD-SAFE intervention clusters will show higher school reintegration and 
lower re-entry into labour than comparison clusters. 

H5: Family welfare linkage and adult livelihood support will reduce re-entry into 
labour. 

H6: Ethical industry certification will improve age-record compliance, safety, 
sanitation, adult wage documentation, and reduction in repeat violations. 

H7: Counselling and mentoring will improve psychosocial adjustment and 
attendance retention among rescued children. 

10. Data and Variables 

10.1 Data Sources 

Data Source Data Type Use 

Census 2011 Secondary national data Baseline magnitude of child 

labour 

PENCIL portal Administrative 

complaint data 

Complaint and enforcement 

tracking 

Labour department 

records 

Workplace data Inspections, violations, 

prosecutions 

Samagra Shiksha 

records 

Education data Enrolment, bridge learning, 

attendance 

DCPU/CWC records Child protection data Rescue, care, shelter, 

rehabilitation 

School attendance 

registers 

Longitudinal data Retention and dropout 

tracking 

Household survey Primary data Poverty, debt, migration, 

welfare access 

NGO case files Follow-up data Family visits and re-

employment risk 

Counselling records Psychosocial data Emotional recovery and 

adjustment 

Industry audits Compliance data Certification and workplace 

standards 

10.2 Illustrative Evidence Base 
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Indicator Evidence 

Global children in child labour, 

2024 

Nearly 138 million 

Global children in hazardous 

child labour, 2024 

Around 54 million 

Global children in child labour, 

2020 

160 million 

India child population aged 5–

14, Census 2011 

259.6 million 

India working children aged 5–

14, Census 2011 

10.1 million 

NCLP subsumed under Samagra 

Shiksha 

Effective April 1, 2021 

PENCIL function Connects central, state, district, project society, 

and complaint systems 

Global estimates are from ILO–UNICEF 2024, while India’s national working-child 
benchmark is based on Census 2011 as cited by the ILO and Indian labour sources.  

10.3 Dependent Variables 

Variable Measurement 

Child labour status 1 = child engaged in labour; 0 = not engaged 

Hazardous work exposure 1 = hazardous exposure; 0 = no hazardous exposure 

Rescue status 1 = rescued; 0 = not rescued 

School reintegration 1 = enrolled and regularly attending; 0 = not 

reintegrated 

Attendance retention Attendance percentage at 3, 6, 12, and 24 months 

Re-entry into labour 1 = returned to labour; 0 = not returned 

Psychosocial adjustment Teacher/counsellor score 

Industry compliance Certification or audit score 

Legal enforcement 

outcome 

FIR, prosecution, penalty, licence action 

10.4 Independent Variables 

Domain Variables 

Household income, debt, family size, parent employment, welfare access 
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Education attendance, grade level, learning level, distance to school, dropout 

history 

Migration migrant status, seasonal mobility, documents 

Workplace sector, hazard level, wage records, age records, subcontracting 

Governance inspection frequency, PENCIL response time, prosecution rate 

Community NGO presence, mentor availability, volunteer monitoring 

Rehabilitation counselling sessions, bridge learning, family visits 

 

11. Empirical Models 

11.1 Logistic Regression Model for Child Labour Risk 

The probability of a child entering labour can be estimated through logistic 
regression: 

𝑃(𝐶𝐿𝑖 = 1) =
1

1 + 𝑒−𝑍𝑖
 

 

where: 

𝑍𝑖 = 𝛽0 + 𝛽1𝑃𝑜𝑣𝑒𝑟𝑡𝑦𝑖 + 𝛽2𝐷𝑒𝑏𝑡𝑖 + 𝛽3𝑀𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛𝑖 + 𝛽4𝐴𝑏𝑠𝑒𝑛𝑡𝑒𝑒𝑖𝑠𝑚𝑖

+ 𝛽5𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦𝐷𝑒𝑛𝑠𝑖𝑡𝑦𝑗 + 𝛽6𝑊𝑒𝑙𝑓𝑎𝑟𝑒𝐴𝑐𝑐𝑒𝑠𝑠𝑖 + 𝛽7𝐼𝑛𝑠𝑝𝑒𝑐𝑡𝑖𝑜𝑛𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑗

+ 𝜖𝑖 
 

Where: 

 𝐶𝐿𝑖= child labour status of child i  

 𝑃𝑜𝑣𝑒𝑟𝑡𝑦𝑖= household poverty  

 𝐷𝑒𝑏𝑡𝑖= household debt burden  

 𝑀𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛𝑖= migrant household status  

 𝐴𝑏𝑠𝑒𝑛𝑡𝑒𝑒𝑖𝑠𝑚𝑖= school absenteeism  

 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦𝐷𝑒𝑛𝑠𝑖𝑡𝑦𝑗= informal industry density in area j  

 𝑊𝑒𝑙𝑓𝑎𝑟𝑒𝐴𝑐𝑐𝑒𝑠𝑠𝑖= access to welfare schemes  

 𝐼𝑛𝑠𝑝𝑒𝑐𝑡𝑖𝑜𝑛𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦𝑗= inspection frequency in area j  

Expected signs: 

Variable Expected Effect 
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Poverty Positive 

Debt Positive 

Migration Positive 

Absenteeism Positive 

Informal industry density Positive 

Welfare access Negative 

Inspection intensity Negative, if effective 

 

11.2 Difference-in-Differences Model for CHILD-SAFE Impact 

To evaluate the impact of CHILD-SAFE, treatment clusters can be compared with 
comparison clusters before and after implementation. 

𝑌𝑖𝑡 = 𝛼 + 𝛽1𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 + 𝛽2𝑃𝑜𝑠𝑡𝑡 + 𝛽3(𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 × 𝑃𝑜𝑠𝑡𝑡) + 𝛾𝑋𝑖𝑡 + 𝜖𝑖𝑡  
 

Where: 

 𝑌𝑖𝑡= outcome for child, household, school, or industry unit i at time t  

 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖= CHILD-SAFE intervention cluster  

 𝑃𝑜𝑠𝑡𝑡= post-intervention period  

 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖 × 𝑃𝑜𝑠𝑡𝑡= estimated CHILD-SAFE effect  

 𝑋𝑖𝑡= control variables  

 𝛽3= intervention impact  

Possible outcomes include school attendance, re-entry into labour, family welfare 
linkage, industry compliance, and repeat violations. 

11.3 Survival Analysis for Re-Entry into Labour 

Because rescued children may return to work at different times, survival analysis can 
estimate how long children remain protected. 

ℎ(𝑡)
= ℎ0(𝑡)𝑒𝛽1𝑊𝑒𝑙𝑓𝑎𝑟𝑒𝐿𝑖𝑛𝑘𝑎𝑔𝑒+𝛽2𝐶𝑜𝑢𝑛𝑠𝑒𝑙𝑙𝑖𝑛𝑔+𝛽3𝑆𝑐ℎ𝑜𝑜𝑙𝐴𝑡𝑡𝑒𝑛𝑑𝑎𝑛𝑐𝑒+𝛽4𝑀𝑒𝑛𝑡𝑜𝑟𝑆𝑢𝑝𝑝𝑜𝑟𝑡+𝛽5𝐻𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝐷𝑒𝑏𝑡  
 

Expected effects: 

Variable Expected Effect on Re-Entry Risk 

Welfare linkage Reduces risk 
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Counselling Reduces risk 

School attendance Reduces risk 

Mentor support Reduces risk 

Household debt Increases risk 

11.4 Industry Compliance Score 

Each local industry can be scored from 0 to 100. 

Component Weight 

Verified age records 20 

No child labour found 20 

Adult wage records 15 

Subcontractor disclosure 15 

Safe working conditions 10 

Toilets and drinking water 10 

Grievance mechanism 5 

Repeat violation history 5 

Certification rule: 

Score Classification Action 

85–100 Certified child-labour-free Recognition and procurement eligibility 

70–84 Conditional compliance Corrective action required 

60–69 High-risk Monitoring and reinspection 

Below 60 Non-compliant Penalty, prosecution, or licence action 

 

12. Child Labour Vulnerability Index 

A district can prioritize wards, villages, and industrial clusters using a Child 
Labour Vulnerability Index. 

𝐶𝐿𝑉𝐼𝑗 = 0.20𝑆𝐴𝑗 + 0.15𝑂𝑂𝑆𝐶𝑗 + 0.15𝑃𝑜𝑣𝑒𝑟𝑡𝑦𝑗 + 0.15𝐼𝐼𝐷𝑗 + 0.10𝑀𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛𝑗

+ 0.10𝐶𝑜𝑚𝑝𝑙𝑎𝑖𝑛𝑡𝑠𝑗 + 0.10𝐻𝑎𝑧𝑎𝑟𝑑𝑗 + 0.05𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑆𝑐ℎ𝑜𝑜𝑙𝑗 
 

Where: 

 𝐶𝐿𝑉𝐼𝑗= vulnerability score for area j  
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 𝑆𝐴𝑗= school absenteeism rate  

 𝑂𝑂𝑆𝐶𝑗= out-of-school child rate  

 𝑃𝑜𝑣𝑒𝑟𝑡𝑦𝑗= poverty or welfare exclusion score  

 𝐼𝐼𝐷𝑗= informal industry density  

 𝑀𝑖𝑔𝑟𝑎𝑡𝑖𝑜𝑛𝑗= migrant household concentration  

 𝐶𝑜𝑚𝑝𝑙𝑎𝑖𝑛𝑡𝑠𝑗= previous child labour complaints  

 𝐻𝑎𝑧𝑎𝑟𝑑𝑗= workplace hazard score  

 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑆𝑐ℎ𝑜𝑜𝑙𝑗= school access barrier  

Risk Classification 

CLVI Score Risk Category Response 

0–30 Low risk Routine monitoring 

31–50 Moderate risk School tracking and awareness 

51–70 High risk Joint inspections and family linkage 

71–100 Very high risk Immediate CHILD-SAFE intervention 

 

13. Methodology 

13.1 Study Design 

The study adopts a mixed-methods, quasi-experimental district design. It combines 
administrative data, household surveys, school records, workplace inspections, child 
protection records, and qualitative interviews. 

13.2 Sampling Strategy 

A multi-stage sampling strategy is recommended. 

First, select districts with high informal industry density, migration, school 
absenteeism, prior complaints, or known child labour risk. 

Second, classify wards or villages using the Child Labour Vulnerability Index. 

Third, select treatment clusters for CHILD-SAFE implementation and comparison 
clusters for standard enforcement. 

Fourth, sample children, households, schools, workplaces, NGOs, government 
officers, employers, and community volunteers. 

13.3 Data Collection Instruments 

The study should use: 
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 Household vulnerability survey  

 Child labour identification checklist  

 Workplace hazard inspection form  

 School reintegration and attendance form  

 Counselling progress sheet  

 Family welfare linkage checklist  

 Industry certification audit tool  

 NGO follow-up form  

 Teacher observation form  

 Child-friendly interview guide  

13.4 Analysis Plan 

Quantitative analysis should include descriptive statistics, cross-tabulations, logistic 
regression, difference-in-differences, survival analysis, compliance scoring, and 
dashboard visualization. 

Qualitative analysis should include thematic analysis of child experiences, family 
livelihood stress, employer behaviour, school reintegration barriers, NGO-
government coordination, emotional rehabilitation, and community protection. 

14. Implementation Roadmap 

14.1 First 100 Days 

Districts should: 

 Identify high-risk local industries and child labour hotspots.  

 Create ward- and village-level child protection committees.  

 Launch awareness campaigns in schools, markets, transport hubs, and 

industrial clusters.  

 Train police, labour officers, teachers, volunteers, and local officials in child-

friendly response.  

 Prepare a district directory of NGOs, shelters, counsellors, legal aid providers, 

and bridge education resources.  

 Begin school absenteeism tracking.  

 Promote PENCIL complaint registration and response mechanisms.  

14.2 Six Months 

Districts should: 

 Conduct joint inspections in high-risk industries.  
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 Establish bridge learning and counselling support.  

 Create a child tracking dashboard.  

 Link vulnerable families to welfare and livelihood schemes.  

 Begin pilot child-labour-free certification.  

 Hold monthly convergence meetings among labour, education, police, child 

protection, and local government departments.  

14.3 Twelve Months 

Districts should: 

 Publish a district child labour prevention report.  

 Expand certification to markets, workshops, supply chains, and 

subcontractors.  

 Institutionalize two-year follow-up protocols.  

 Integrate child labour monitoring with school dropout prevention.  

 Recognize compliant industries.  

 Penalize repeat violators through prosecution, blacklisting, and procurement 

exclusion.  

15. Monitoring and Evaluation Framework 

Domain Indicator Frequency Responsible 

Institution 

Identification Vulnerable children 

mapped 

Quarterly Schools, local bodies, 

NGOs 

Enforcement Workplaces inspected Monthly Labour department 

Rescue Children rescued and 

medically assessed 

Monthly Labour, police, CWC, 

DCPU 

Rehabilitation Children receiving 

counselling 

Monthly DCPU, NGOs 

Education Attendance at 3, 6, 12, and 

24 months 

Quarterly Schools, Samagra 

Shiksha 

Family 

support 

Families linked to welfare 

schemes 

Quarterly District administration 

Livelihood Parents linked to adult 

work or SHGs 

Quarterly Labour and livelihood 

missions 
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Industry Certified child-labour-free 

units 

Six-

monthly 

District task force 

Legal Prosecutions and repeat 

violations 

Quarterly Labour, police 

Impact Reduction in child labour 

recurrence 

Annual District monitoring 

unit 

 

16. Policy and Business Implications 

16.1 Government 

Government should move from fragmented departmental enforcement to integrated 
district child protection governance. Labour departments, police, education 
departments, District Child Protection Units, Child Welfare Committees, local bodies, 
and NGOs should operate through shared protocols, shared dashboards, and time-
bound accountability. 

16.2 Schools 

Schools should become frontline child labour prevention institutions. They should 
identify absenteeism, prevent dropouts, support migrant children, provide bridge 
learning, avoid stigma against rescued children, and coordinate with social workers. 

16.3 NGOs 

NGOs should support identification, rescue coordination, counselling, bridge 
education, legal aid, family visits, documentation, awareness campaigns, and 
independent monitoring. 

16.4 Local Industries 

Local industries should maintain worker age records, adult wage records, safety 
systems, toilets, drinking water, protective equipment, grievance mechanisms, and 
subcontractor accountability. Child-labour-free certification should become a 
condition for procurement eligibility and CSR partnership. 

16.5 Communities 

Citizens and community leaders can report child labour, mentor children, help with 
school admission, support documentation, monitor vulnerable families, and refuse to 
buy from exploitative businesses. 

17. Risk, Ethics, and Legal Considerations 

17.1 Risk of Retaliation 

Children and families may face employer threats after rescue. Rescue protocols must 
include confidentiality, shelter, police protection, and follow-up. 

17.2 Risk of Family Criminalization 
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Many families are trapped by survival pressure. The system should distinguish 
exploitative employers from distressed families. Families need welfare linkage, not 
humiliation. 

17.3 Risk of Token Certification 

Certification may become symbolic unless linked to independent verification, surprise 
inspections, subcontractor checks, worker interviews, and penalties. 

17.4 Data Privacy 

Child tracking dashboards must protect children’s identities. Sensitive data should be 
accessible only to authorized child protection and district officials. 

17.5 Psychosocial Harm 

Children should not be repeatedly interrogated. Interviews must be child-friendly, 
trauma-informed, and conducted by trained professionals. 

18. Discussion 

This paper makes three major contributions. 

First, it reframes child labour as an ecosystem problem. The child is not simply found 
at a workplace; the child is pushed or pulled there through poverty, school exclusion, 
migration, informal labour demand, weak governance, and lack of social protection. 

Second, it integrates emotional rehabilitation into public policy. A rescued child may 
not immediately trust adults, schools, police, or officials. Therefore, counselling, 
mentoring, peer support, play, dignity, and belonging are not optional. They are core 
rehabilitation infrastructure. 

Third, it connects child protection with ethical local economic development. Local 
industries cannot be considered productive or responsible if they depend on child 
exploitation. Certification, procurement rules, workplace audits, subcontractor 
accountability, and adult wage compliance can shift the local economy toward ethical 
production. 

The CHILD-SAFE framework is particularly relevant for districts with dense informal 
industries, migrant labour, school dropout risk, construction growth, brick kiln 
activity, garment clusters, repair markets, waste sorting hubs, roadside businesses, 
and household-based production. 

19. Conclusion 

Child labour is a denial of childhood and a failure of collective responsibility. It 
damages education, health, dignity, emotional development, productivity, and social 
justice. India has important legal and institutional tools, including PENCIL, Samagra 
Shiksha, Mission Vatsalya, labour enforcement systems, Child Welfare Committees, 
District Child Protection Units, schools, and NGOs. The challenge is to integrate these 
systems into a practical district-level ecosystem. 
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This paper proposes the CHILD-SAFE framework and the One Child, Five Protectors 
model as comprehensive, evidence-informed, and measurable strategies for 
eliminating child labour from local industries. The central policy message is: 

Do not only remove the child from work. Build a system where the child 
never needs to return to exploitation. 
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Abstract: 

Academic literature frequently stalls at the border of empirical observation, leaving 
administrative praxis untouched. The South India Journal of Economic Policy and 
Development (SIJEPD) directly confronts this disconnect. Its editorial mandate 
prioritizes persistent structural hurdles across the region. These span from uneven 
wealth distribution and fiscal stagnation to labor market volatility and systemic 
failures in public utility architecture. Research must deliver more than simple 
diagnostics. SIJEPD operates as a translational mechanism, converting localized data 
into actionable legislative frameworks. The journal aggregates cross-disciplinary 
intelligence from economists, civic stakeholders, and industry practitioners. This 
synthesis produces scholarship engineered for immediate implementation. 
Institutional inertia often thrives on a deficit of reliable, context-specific metrics. By 
anchoring public discourse in rigorous methodology, the publication demands a shift 
toward evidence-backed governance. It supplies policymakers with the precise 
theoretical and empirical tools required to navigate complex socioeconomic realities. 

Keywords: drip irrigation; micro-irrigation; technology adoption; endogenous 

switching regression; rebound effect; Jevons paradox; groundwater; spatial 

econometrics; regression discontinuity; Telangana. 

JEL classification: Q15, Q12, Q25, Q18, O13, C21, C31, C36, C26. 

1. Introduction 

Groundwater functions as the primary hydraulic engine for agriculture across 
Telangana. Wells currently irrigate over half the state's cropped acreage, supported by 
millions of active agricultural pump connections. Combined with erratic monsoon 
patterns and a historical affinity for water-intensive crops, this relentless extraction 
has pushed regional water tables down to an average depth exceeding 10 meters. The 
resulting over-exploitation is particularly acute across districts like Vikarabad, 
Nagarkurnool, and Yadadri Bhongir. 

To counter this depletion, policymakers heavily promote micro-irrigation. Drip 
systems, specifically, have emerged as the primary tool for demand-side water 
management. By restricting water delivery directly to the root zone, drip irrigation 
substantially outperforms traditional flood methods in on-farm efficiency. It 
simultaneously reduces the energy required for pumping, minimizes labor demands, 
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and cuts fertilizer waste. Through the Telangana State Micro Irrigation Project 
(TSMIP), the government injects massive capital subsidies into the sector. For the 
most disadvantaged farming demographics, these subsidies can cover the entire cost 
of installation. 

Yet a distinct policy paradox complicates this narrative. Despite Telangana offering 
some of the most generous subsidies in India, regional aquifer stress continues to 
escalate. Adoption remains highly asymmetric across different crops, geographic 
pockets, and socioeconomic classes. This divergence raises three critical lines of 
inquiry regarding accessibility, viability, and sustainability. First, can marginalized 
farmers actually access this technology? Restrictive land record mandates, 
bureaucratic documentation, steep co-payment barriers, and poor after-sales dealer 
networks may inadvertently screen out the exact populations the policy intends to 
support. Second, is drip irrigation genuinely viable from an economic standpoint once 
we account for the true friction of installation costs, subsidy delays, and actual yield 
responses? Finally, does widespread diffusion actually protect groundwater reserves? 
If farmers reinvest their plot-level water savings into expanding their cultivated 
acreage or shifting toward thirstier crops—a phenomenon known as the rebound or 
Jevons effect—aggregate extraction might remain stagnant or even increase (Grafton 
et al., 2018; Pfeiffer & Lin, 2014). 

Answering these questions requires looking past standard empirical frameworks. 
Technology adoption is inherently endogenous. Farmers who willingly install drip 
systems often possess unobservable traits—such as higher managerial acumen or 
different risk tolerances—that separate them from non-adopters. Any naive 
observational comparison between these groups inevitably conflates the actual 
technological impact with baseline selection bias. Beyond mere adoption, securing a 
subsidy is rarely an exogenous event; it is dictated by strict eligibility criteria and 
administrative navigation. 

Groundwater adds another layer of complexity as a common-pool resource. When one 
farmer extracts water, the localized water table drops, directly impacting neighboring 
plots. This spatial dependence inherently violates the stable unit treatment value 
assumption (SUTVA). Credible evaluation, therefore, cannot rely on descriptive 
contrasts or basic single-equation models. It demands a rigorous, explicitly identified 
causal architecture. 

Rather than reporting ex post estimates, this paper introduces a comprehensive 
methodological design. We develop an integrated identification framework to analyze 
accessibility, viability, and sustainability through a single analytical structure, 
establishing a pre-specified empirical strategy for future primary data evaluation. 

We frame these core themes as linked but distinct causal estimands, carefully 
matching each to an appropriate estimator. To evaluate viability, we utilize an 
endogenous switching regression. This approach corrects for unobservable selection 
bias and isolates treatment effects for both adopters and non-adopters—yielding the 
exact counterfactuals required for scaling policy. We complement this with doubly 
robust matching estimators and marginal treatment effect models to map underlying 
heterogeneity. Addressing sustainability requires shifting focus away from simple 
plot-level accounting. We identify the behavioral rebound effect by deploying a 
difference-in-differences estimator built to handle staggered adoption timelines and 
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heterogenous impacts. A spatial Durbin model is then applied to quantify common-
pool spillover dynamics, ultimately deriving a structural rebound ratio. Finally, we 
capitalize on the sharp cutoffs in administrative subsidy entitlement. Using a fuzzy 
regression-discontinuity design, we can directly link farmer-level outcomes back to the 
policy instrument itself. By explicitly detailing identifying assumptions, potential 
instruments, inference procedures, and falsification tests, we ensure the architecture 
remains entirely transparent and primed for pre-registration prior to data collection. 

Subsequent sections delineate this proposed architecture. Section 2 establishes the 
conceptual framework and defines the primary estimands, modeling drip adoption as 
a binary choice heavily mediated by institutional subsidies. We deliberately isolate the 
three causal questions here, as each introduces distinct identification hurdles. Section 
3 details the intended study design, data structure, and measurement protocols. 
Section 4 functions as the analytical core, deconstructing the specific empirical 
strategy tailored to each dimension of the evaluation. Following this, Section 5 dictates 
mechanisms for robust inference, falsification testing, and reporting standards. We 
critically assess potential threats to internal validity and structural limitations in 
Section 6, before concluding in Section 7 with an overview of the broader policy 
dilemmas these prospective estimates aim to resolve. 

 

2. Conceptual framework and estimands 

We treat drip adoption as a binary technology choice embedded within a heavily 
subsidized institutional environment. The three core causal questions are kept strictly 
separated, as each carries its own unique identification problem. 
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Figure 1. Integrated identification framework: research dimensions and matched 

econometric methods. 

2.1 Accessibility 

Accessibility concerns who can obtain and install a system and on what terms. 
Conceptually, it is a sequential process: a farmer must first become eligible and aware 
(cross the access hurdle) before deciding whether to adopt. The estimand of interest is 
not merely the probability of adoption but the set of barriers — documentation, land 
title, co-payment liquidity, dealer distance — that differentially screen out small and 
marginal farmers, conditional on the same agronomic incentives. Because credit and 
information access are themselves choices correlated with unobservables, the 
estimand requires a model that separates the access hurdle from the adoption decision 
and corrects for endogenous regressors. 

2.2 Viability 

Viability is a causal-effect question. Let Di ∈ {0,1} indicate adoption, and let Yi(1) and 
Yi(0) denote the potential outcomes (net returns per acre, water productivity, energy 
use) under adoption and non-adoption. The individual effect Yi(1) − Yi(0) is never 
observed for the same farmer. The policy-relevant estimands are the average 
treatment effect on the treated (ATT) and on the untreated (ATU): 

 ATT = E[Y(1) − Y(0) | D = 1),  ATU = E[Y(1) − Y(0) | D = 0). (1) 

ATT answers whether drip pays for those who choose it; ATU answers what non-
adopters would gain if the program reached them — the relevant quantity for an 
expansion policy. Because D is self-selected, E[Y | D = 1] − E[Y | D = 0] is a biased 
estimator of either; identification must confront selection on unobservables. 

2.3 Sustainability and the rebound effect 

Sustainability asks whether diffusion reduces aggregate extraction, not merely per-
hectare application. Decompose farm water use as the product of application intensity, 
irrigated area, and cropping intensity: 

 Wi = wi × Ai × ci, (2) 

where W is total water extracted, w is the application per irrigated acre, A is the 
irrigated area, and c is the cropping intensity (including any shift to thirstier crops). 
Drip lowers with the engineering presumption that W falls holds only if A and C do not 
respond. The rebound effect is the behavioral re-expansion of A and C from the saved 
water and the lower marginal cost of irrigation. We summarise it by a rebound ratio. 

 R = 1 − ( ΔWobs / ΔWeng ), (3) 

where ΔWeng is the engineering (mechanical) water saving holding area and crop mix 
fixed, and ΔWobs is the observed change in extraction. R = 0 means full realization of 
engineering savings; R = 1 means complete rebound; R > 1 means backfire (extraction 
rises). Because extraction also depends on neighbors’ behavior through the shared 
aquifer, identification must account for spatial dependence. 

2.4 Exploiting the Subsidy Discontinuity 

Volume 1, Issue 1 (Inaugural & Special Issue), July-September 2026



SOUTH INDIA JOUR s://sea.net.in 

        

  

PUBLISHED BY SOUTHERN ECONOMIC ASSOCIATION (SEA) 134 

 

The TSMIP graded-subsidy schedule enforces sharp administrative cutoffs. Farmer 
demographics—specifically SC/ST or small/marginal classifications—and landholding 
size dictate precise subsidy rates. Farmers clustered directly around these thresholds 
are essentially identical in every respect except for the specific subsidy tier they qualify 
for. This sudden shift creates an optimal environment for quasi-experimental 
variation. We leverage this discontinuity as the primary analytical instrument. It acts 
as the anchor for three key dimensions of the study. First, it isolates accessibility by 
shifting the initial cost of entry. Second, it allows us to identify economic viability 
through exogenous shifts in technology adoption. Finally, when integrated into our 
extraction model, this variation reveals the broader sustainability impacts driven 
directly by the policy itself. 

3. Methodology and Data Architecture 

3.1 Sampling Design 

We employ a multi-stage stratified sampling approach, prioritizing the identification 
of causal treatment effects over simple population description. Sample sizes were not 
based on fixed population proportions. Instead, we relied on rigorous power 
calculations designed to detect the minimum policy-relevant effect while accounting 
for expected clustering. 

District selection was purposive. We needed to capture highly contrasting aquifer 
conditions. Consequently, severely over-exploited districts with deep water tables 
(such as Nagarkurnool and Vikarabad) were paired against regions maintaining 
relatively stable groundwater reserves but demonstrating active technology uptake. 
This deliberate contrast enables the estimation of treatment effects across vastly 
different hydrological realities. Downstream sampling stages focused on capturing 
varying adoption intensities at the mandal and village levels. At the granular farm 
level, participants were stratified to ensure balanced cohorts of adopters and non-
adopters across large, medium, and small landholdings. To maintain statistical 
validity, village and mandal-level clustering informed both the sampling frame and 
our inferential models. 

3.2 Synthesis of Primary and Secondary Data 

The empirical strategy relies on integrating cross-sectional field data with longitudinal 
administrative records. 

Primary data collection centered on a comprehensive farm-household survey. This 
instrument captured detailed plot rosters, input-output financial accounts, well 
specifications, and specialized irrigation and energy logs. To contextualize these 
quantitative metrics, we conducted focus group discussions alongside semi-structured 
interviews with key local informants, including extension workers, equipment dealers, 
and regional officials. 

Secondary datasets provided the critical longitudinal and administrative backbone for 
the quasi-experimental models: 

- Hydrological Records: Time-series data on water tables and mandal-level 

extraction volumes from the Central Ground Water Board and the Telangana 
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Ground Water Department. These series supply the panel data necessary to 

offset the limitations of our cross-sectional survey. 

- Program Administration: TSMIP disbursement and sanction logs from the 

Department of Horticulture. These records establish the exact timing variation 

required for the difference-in-differences (DiD) framework. Crucially, they also 

provide the precise eligibility cutoffs and running variables needed to execute 

the regression discontinuity (RD) design. 

- Contextual Baselines: Supplementary reports from the Agricultural Census, the 

Directorate of Economics and Statistics, and the PMKSY (Per Drop More Crop) 

initiative. 

3.3 Variable Operationalization 

Table 1 outlines the core variables, their dimensional utility, and specific measurement 
protocols. Key economic and physical metrics were operationalized as follows: 

Net returns are calculated comprehensively. We subtracted both imputed and actual 
paid-out costs—including the amortized capital cost of drip infrastructure, net of the 
applied subsidy—from the gross output value. Water productivity is defined strictly as 
physical crop output per cubic meter of applied irrigation. Finally, we estimated farm-
level groundwater extraction by multiplying recorded active pumping hours by the 
corresponding pump discharge, derived from either direct metering or verified 
engineering estimates. 

Role Variable Measurement/notes 

Treatment D — drip adoption 1 if a functioning drip system irrigates any 
plot in the reference year; robustness to 
area share and years-since-installation. 

Outcomes 
(viability) 

Net returns/acre; 
water productivity; 
energy use; yield 

Full-cost net returns (₹/acre); output per 
m³; pumping kWh/acre; physical yield 
(kg/acre), all for comparable crops. 

Outcomes 
(sustainability) 

Farm extraction W; 
water-table depth 

Extraction = pump discharge × hours 
(m³/season); mandal water-table depth (m 
bgl) from secondary series for the panel 
design. 

Covariates X — farm & farmer Farm size, tenure security, age, education, 
household labor, soil class, crop, well 
depth/age, assured electricity hours, 
distance to market. 

Access/barriers Documentation, 
liquidity, dealer reach, 
extension 

Land-record completeness; ability to meet 
co-payment; distance to nearest authorized 
dealer; number of extension contacts; 
awareness of TSMIP. 
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Role Variable Measurement/notes 

Instruments Z — exclusion 
restrictions 

Distance to nearest dealer/bank; historical 
(pre-period) extension placement; village-
level peer adoption excluding own 
network; rainfall shock for liquidity. 

RDD running 
variable 

Landholding/category 
score 

Distance to the subsidy-eligibility cut-off; 
eligibility indicator above/below threshold. 

Table 1. Variables, the dimension served, and measurement conventions. 

4. Empirical strategy 

4.1 Accessibility: sequential discrete choice with a control function 

Adoption is modeled as the outcome of a latent net-benefit index. Farmer I adopts 
when the index is positive: 

 Ai
* = Zi′γ + ui,  Di = 1[Ai

* > 0]. (4) 

Estimating (4) using a simple probit or logit recovers correlates of adoption. However, 
it conflates two stages — gaining access and choosing to adopt — and treats credit and 
information as exogenous, even though they are not. We therefore make two 
refinements. First, we model the access hurdle and the adoption decision sequentially 
(a double-hurdle/sequential-probit structure), so that barriers operating at the access 
stage are separated from preferences operating at the adoption stage; this isolates the 
accessibility estimand of policy interest. Second, endogenous regressors Diend (credit 
access, extension exposure) are handled by a control-function (Rivers–Vuong) 
approach: a first-stage reduced form 

 Di
end = Zi′π + νi (5) 

These yield residuals ν̂i that enter the structural probit as an additional regressor; the 
significance of its coefficient directly tests for endogeneity, and its inclusion purges 
bias. When no convincing external instrument is available, identification can be 
supported by Lewbel’s (2012) heteroskedasticity-based instruments. Candidate 
exclusion restrictions Z — distance to the nearest authorized dealer and bank, pre-
period extension placement, and rainfall-driven liquidity shocks — are argued to shift 
access without independently affecting the adoption preference conditional on 
covariates, and their plausibility is examined in Section 5. 

Hypothesis H2 (that access is not neutral across farmer categories) is tested by 
examining the partial effect of small/marginal status on the access-stage probability, 
conditional on the agronomic incentives that enter the adoption stage; a negative and 
significant effect indicates that higher effective barriers offset favorable subsidy 
provisions. 

4.2 Viability: endogenous switching regression with treatment-effect 
recovery 
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The core viability estimator is the endogenous switching regression (ESR), which 
jointly models the selection equation and the regime-specific outcome equations and 
corrects for selection on unobservable (Heckman, 1979; Lokshin & Sajaia, 2004; Di 
Falco et al., 2011). The selection equation is given by (4). The outcome for farmer i is 
observed in one of two regimes: 

 Regime 1 (D = 1): Y1i = Xi′β1 + σ1λ1i + η1i, (6) 

 Regime 0 (D = 0): Y0i = Xi′β0 + σ0λ0i + η0i, (7) 

where λ1i = φ(Zi′γ) / Φ(Zi′γ) and λ0i = −φ(Zi′γ) / [1 − Φ(Zi′γ)] are the inverse Mills 
ratios from the selection equation (φ and Φ denote the standard normal density and 
c.d.f.). The terms σ1 = ρ1ση₁ and σ0 = ρ0ση₀ capture the covariances between the 
selection error you and the outcome errors η1, η0. The system is estimated by full-
information maximum likelihood, which is more efficient than the two-step procedure 
and yields correct standard errors. A statistically significant ρ1 or ρ0 provides direct 
evidence of selection on unobservables — precisely the bias a naive comparison 
ignores; their signs indicate whether selection is positive (high-return farmers adopt) 
or negative. 

From the estimated regime equations, we form the conditional expectations of the 
actually observed and their counterfactuals, and subtract them to obtain the treatment 
effects. For adopters: 

 E[Y1i | D = 1] = Xi′β1 + σ1λ1i, E[Y0i | D = 1] = Xi′β0 + σ0λ1i, (8) 

 ATT = E[Y1i | D = 1] − E[Y0i | D = 1] = Xi′(β1 − β0) + (σ1 − σ0)λ1i. (9) 

The ATU is constructed symmetrically using λ0i. Comparing observed and 
counterfactual expectations also yields transitional-heterogeneity effects that indicate 
whether the gains to adopters exceed what non-adopters would obtain, which speaks 
directly to the wisdom of broad versus targeted expansion. Hypothesis H3 (drip yields 
higher net returns and water productivity) is tested as ATT > 0 and ATU > 0 for 
comparable crops, with effects disaggregated by crop and farm-size class. 

4.2.1 Robustness and complementary estimators 

ESR identifies effects using both an exclusion restriction and the joint-normality 
functional form; we therefore triangulate. Propensity-score matching (nearest-
neighbour and kernel, on common support, with covariate-balance diagnostics) 
estimates the ATT under selection on observables only and provides a lower-structure 
benchmark. Augmented inverse-probability-weighted regression adjustment (AIPW) 
is doubly robust — consistent if either the propensity-score model or the outcome 
model is correct — and is our preferred selection-on-observables estimator. 
Rosenbaum bounds quantify how strong an unobserved confounder would need to be 
to overturn the matching result. Where ESR and the selection-on-observables 
estimators agree, the effect is robust to the nature of selection; where they diverge, the 
gap itself is informative about the role of unobservables. 

4.2.2 Essential heterogeneity: marginal treatment effects 

If returns vary systematically with unobserved resistance to adoption, a single ATT or 
ATU masks policy-relevant heterogeneity. We therefore estimate marginal treatment 

Volume 1, Issue 1 (Inaugural & Special Issue), July-September 2026



SOUTH INDIA JOUR s://sea.net.in 

        

  

PUBLISHED BY SOUTHERN ECONOMIC ASSOCIATION (SEA) 138 

 

effects (Heckman & Vytlacil, 2005) using local instrumental variables, MTE(x, p) = 
∂E[Y | X = x, P = p] / ∂p, where p is the propensity to adopt. Integrating MTE with 
appropriate weights recovers ATT, ATU, and — most useful for policy — the policy-
relevant treatment effect of a marginal subsidy expansion that attracts the next set of 
currently reluctant adopters. A downward-sloping MTE in resistance is the signature 
of selection on gains and a caution against assuming that observed adopter returns 
generalize to future adopters. 

4.3 Sustainability: rebound identification with staggered DiD and spatial 
spillovers 

The sustainability question cannot be answered from the cross-section alone, because 
the relevant object is the change in aggregate extraction over time and space. We 
combine three strategies. 

4.3.1 Staggered difference-in-differences on the groundwater panel 

TSMIP sanctions arrive at different times across mandals, resulting in staggered 
treatment timing in the secondary water table and extraction series. The conventional 
two-way fixed-effects (TWFE) event-study regression 

 Ymt = αm + δt + β Dmt + εmt (10) 

is now known to be biased when effects are heterogeneous across adoption cohorts or 
vary over time, because already-treated units serve as controls (Goodman-Bacon, 
2021; de Chaisemartin & D’Haultfœuille, 2020). We therefore estimate group-time 
average treatment effects using the Callaway and Sant’Anna (2021) estimator, ATT(g, 
t), and aggregate them into overall and event-time (dynamic) effects. We also report 
the Sun and Abraham (2021) interaction-weighted event study as a cross-check. The 
outcome is the mandal water-table depth and, where available, total extraction; 
treatment is drip diffusion intensity. A pre-trend (placebo) test on event-time leads is 
the key identifying check: parallel pre-treatment paths support a causal interpretation, 
whereas their absence flags confounding by the very water stress that drives both 
adoption and decline. 

4.3.2 Common-pool spillovers: the spatial Durbin model 

Groundwater violates the stable-unit-treatment-value assumption: a farmer’s 
extraction depends on neighbours through the shared aquifer, so adoption generates 
spillovers that a unit-level regression misattributes. We therefore estimate a spatial 
Durbin model (LeSage & Pace, 2009), 

 W = ρ W*W + Xβ + W*Xθ + ε, (11) 

where W* is a spatial-weights matrix constructed from hydrogeological contiguity or 
inverse distance (row-standardized), ρ is the spatial-autoregressive parameter, and θ 
is the coefficient on spatially lagged covariates, including neighbors’ adoption. 
Crucially, the model is interpreted via its decomposition into direct and indirect 
(spillover) impacts rather than its raw coefficients: the direct impact is a farmer’s own 
adoption effect on own extraction, and the indirect impact is the effect of neighbours’ 
adoption on a farmer’s extraction — the common-pool externality. Spatial dependence 
is first established using Moran’s I and Lagrange-multiplier tests; the model choice 
(lag, error, or Durbin) follows from those diagnostics. 
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4.3.3 The structural rebound ratio 

Combining the plot-level engineering savings (from agronomic norms and metered 
application) with the estimated behavioural responses in irrigated area and crop mix, 
we compute the rebound ratio R in equation (3) and decompose ΔWobs into the 
application-intensity, area, and cropping-intensity channels in equation (2). Adoption 
is instrumented in the area- and extraction-response equations using subsidy 
eligibility and dealer distance, because area expansion and adoption are jointly 
determined. Hypothesis H4 — that drip cuts per-acre extraction but the rebound from 
area expansion and crop-mix shifts moderates, and may overturn, the aggregate effect 
— is tested by the sign and magnitude of R and by whether the indirect spatial impacts 
and the dynamic DiD effect on mandal water tables are non-negative despite negative 
per-acre effects. 

4.4 The subsidy lever: a fuzzy regression-discontinuity design 

When the TSMIP subsidy rate changes discontinuously at an eligibility threshold (a 
landholding or category cut-off), farmers just above and just below the threshold are 
comparable but face different entry prices. Because eligibility raises but does not 
deterministically fix adoption, the design is fuzzy: eligibility instruments for actual 
subsidized adoption. Let ri be the running variable and c the cut-off. The local average 
treatment effect at the threshold is 

 τRD = limr↓c E[Y|r] − limr↑c E[Y|r]   ÷   limr↓c E[D|r] − limr↑c E[D|r] . (12) 

Estimation uses local polynomial regression with robust, bias-corrected confidence 
intervals and data-driven bandwidth selection (Calonico, Cattaneo, and Titiunik, 
2014). Validity rests on the continuity of potential outcomes at the cut-off and the 
absence of manipulation of the running variable, which we test using the McCrary 
(2008) density test and covariate-continuity (balance) checks at the threshold; 
estimates are reported across a range of bandwidths and polynomial orders. This 
design answers Hypothesis H5 — how subsidy structure shapes adoption and, through 
the extraction model, sustainability — with the cleanest available identification, at the 
cost of a locally defined effect. 

4.5 Summary: questions, methods, and expected signs 

Hyp. Question/estimand Primary method 
(robustness) 

Expected 
sign/test 

H1 Determinants of adoption 
(farm size, education, 
credit, extension, subsidy 
info) 

Sequential probit with 
control function (Lewbel 
IVs) 

Positive on size, 
education, credit, 
extension; 
endogeneity test on 
ν̂ 

H2 Access is not neutral 
across categories; barriers 
to small/marginal 

Access-stage hurdle 
equation; FGD/KII 
triangulation 

Negative effect of 
small/marginal 
status at the access 
stage 
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Hyp. Question/estimand Primary method 
(robustness) 

Expected 
sign/test 

H3 Viability: net returns and 
water productivity vs 
flood 

Endogenous switching 
regression — ATT, ATU 
(AIPW, PSM, MTE) 

ATT > 0 and ATU > 
0; crop- and size-
specific 

H4 Per-acre saving vs 
aggregate effect (rebound) 

Callaway–Sant'Anna DiD; 
spatial Durbin; rebound 
ratio R 

Per-acre w ↓ but 0 < 
R ≤ 1 (or > 1); 
indirect impacts ≥ 0 

— Causal role of the subsidy 
lever 

Fuzzy RDD at eligibility 
cut-off (bandwidth 
sensitivity) 

τ(RD) > 0 on 
adoption; sign on 
extraction via model 

Table 2. Mapping of hypotheses to estimands, methods, and pre-specified expected 
signs. Cells report directions to be tested, not estimates. 

5. Inference, Falsification, and Reporting 

Let us first address the mechanics of standard error clustering. Because treatment 
assignment occurs strictly at the village and mandal levels, relying on asymptotic 
cluster-robust standard errors risks severe overrejection—a well-documented hazard 
when the cluster count remains limited. To counteract this, primary inference for all 
headline effects relies on wild-cluster bootstrap p-values (Cameron, Gelbach, & Miller, 
2008). Multiple hypothesis testing, an inevitable concern when evaluating diverse 
subgroups and outcomes, is managed by controlling both the family-wise error rate 
and the false-discovery rate via Romano-Wolf stepdown procedures and sharpened q-
values. We also mitigate the risk of selective reporting by strictly pre-registering a 
concise set of primary outcomes: net returns, water productivity, and mandal-level 
water-table depth. 

The identification strategy hinges on a rigorous falsification framework. Depending on 
the specific model, we deploy instrument-relevance and over-identification statistics, 
alongside theoretical defenses of the exclusion restrictions required for both the 
control-function and endogenous switching regression (ESR) stages. For the 
difference-in-differences (DiD) components, we run standard pre-trend and placebo-
lead tests. The spatial models undergo Moran’s I and Lagrange Multiplier diagnostics, 
heavily supplemented by sensitivity checks on the spatial-weights matrices. 
Meanwhile, validating the regression-discontinuity (RDD) design requires McCrary 
density checks and covariate-balance testing across varying bandwidths and 
polynomial specifications. Rosenbaum bounds are utilized to evaluate how vulnerable 
the matching estimates might be to unobserved confounding. Where feasible, the core 
estimands, primary outcomes, and predicted parameter signs are lodged in pre-
analysis registries, effectively stripping the exercise of exploratory flexibility. 

Results will populate three pre-formatted reporting matrices. A viability table 
juxtaposes the dual ESR regime equations, detailing the selection-correlation 
parameters (ρ1, ρ0), the resulting ATT and ATU with bootstrap intervals, and 
benchmark estimates derived from AIPW and PSM models. A separate sustainability 
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table captures the dynamic Callaway–Sant’Anna DiD parameters. This table isolates 
direct and indirect spatial impacts while decomposing the structural rebound ratio. 
The third table focuses on policy, detailing the fuzzy-RDD first stage and local 
treatment effects under varying bandwidths. These matrices remain populated with 
placeholders until field data collection formally concludes. 

 

6. Threats to Validity and Limitations 

A few empirical constraints require acknowledgment. Foremost is the cross-sectional 
nature of the primary survey. Consequently, farmer-level treatment effects hinge 
entirely on selection-on-observables and structural correction assumptions rather 
than actual within-subject variation. While we do substantiate causal claims regarding 
aquifer dynamics, this longitudinal dimension relies on secondary, mandal-level 
administrative data. This means the household and hydrological data layers, though 
structurally linked, operate at mismatched spatial resolutions. 

Second, isolating the specific impact of drip irrigation on groundwater levels is 
notoriously difficult. Fluctuating crop prices, erratic rainfall, canal seepage, and 
overlapping extraction regimes all simultaneously perturb the water table. The spatial 
and DiD estimators drastically reduce this omitted variable bias, but they cannot 
eliminate it entirely; hence, any hydrological conclusions warrant interpretive caution. 
Third, the micro-data rely on self-reported inputs, yields, and pumping hours, 
inherently inviting recall bias. Volumetric extraction is reconstructed using assumed 
pump discharge rates. We intend to validate these figures against a metered subsample 
and will report how sensitive the main results are to the chosen discharge calibration. 
Finally, the RDD estimates represent a Local Average Treatment Effect (LATE) 
localized strictly at the subsidy eligibility threshold. Extrapolating these behavioral 
responses to the broader farming population is risky. This limitation justifies our 
choice to triangulate the LATE with ESR and matching models engineered to recover 
broader population-average estimands. 

 

7. Conclusion and Policy Relevance 

Telangana channels massive public capital into drip irrigation subsidies, yet regional 
aquifers continue their rapid decline. Conventional evaluation tools fail to resolve 
whether this divergence is causal or merely coincidental. Our framework untangles the 
core mechanisms driving this policy dilemma through three distinct identification 
strategies. We model subsidy access via a sequential-choice framework featuring 
endogeneity corrections. Viability is assessed through an endogenous switching 
regression, augmented by doubly robust estimators and marginal treatment effects. 
Sustainability is evaluated by coupling a heterogeneity-robust DiD with a spatial 
common-pool model, allowing us to isolate a structural rebound ratio. A fuzzy RDD 
ties these disparate elements back to the primary policy lever: the subsidy threshold 
itself. 

Ultimately, the resulting empirical output is designed for structural reform rather than 
superficial advocacy. Analyzing the access stage reveals whether the bureaucracy 
systematically filters out marginal farmers, pinpointing exactly where the subsidy 
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apparatus fails. Comparing the ATU to the ATT dictates whether broad statewide 
expansion or stringent targeting maximizes the marginal return on public funds. Most 
critically, evaluating the rebound ratio establishes whether underwriting irrigation 
efficiency actually conserves groundwater. If the ratio exceeds unity, the subsidy 
essentially accelerates aquifer depletion under the guise of conservation, illustrating 
the Jevons paradox in the absence of hard extraction caps. These empirical parameters 
must dictate agricultural spending in a water-stressed state. By rendering them 
estimable and rigorously falsifiable, this framework provides a transparent blueprint 
for modern groundwater policy. 
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