Signals from Space, Decisions on Farms: Digital Leapfrogging for Agricultural Productivity,
Climate Resilience & Sustainability

Summary

Overview and contribution

This study examines staged digital adoption in Indian smallholder agriculture, tracking movement from a
low-complexity WhatsApp advisory to a higher-complexity satellite data—based Al advisory and linking
both milestones to objective vegetation outcomes. The two stages are the empirical footprint of digital
leapfrogging: farmers move from near-zero formal digital support to an Al-enabled platform without
intermediate technologies. Using daily farm-day data and local event-time designs, we show that
registration on a familiar channel is associated with fast but modest gains, while subsequent Al enrolment
yields larger, persistent improvements after a short adjustment period. Effects are strongest during dry and
hot conditions, consistent with the idea that the value of timely, field-specific information rises when
environmental constraints tighten. We contribute to research on digital leapfrogging, staged technology
adoption, and climate resilience by (i) connecting channel strategy to objective performance rather than
self-reports; (ii)) demonstrating how frugal front ends enable later full-stack value capture; and (iii)
identifying boundary conditions for impact across farm sizes that map to differences in resources and
absorptive capacity. The paper offers a template for evaluating Al-enabled sustainability innovations in
emerging markets using high-frequency, remotely sensed outcomes.

Context and research questions

Management research emphasizes that new technologies diffuse through stages that reduce frictions before
deepening capability. A frugal, low-bandwidth interface can lower search, trust, and cognitive costs; once
habits form and basic digital skills accumulate, a richer analytics layer can unlock planning and
optimization. This staged path operationalizes digital leapfrogging and aligns with learning-by-using, task—
technology fit, and absorptive capacity: users first build attention and routines, then extract increasing value
as tasks get harder and as operations scale. Environmental volatility magnifies the marginal value of
information; under heat or dryness, mis-timed actions are costlier, so precise advice should pay more. We
ask four questions: (1) Do advisory adoptions—first registration to WhatsApp, then Al portal enrolment—
causally improve vegetation outcomes measured by satellite indices? (2) How do effects differ by farm size
(small, medium, large)? (3) Do delivery channels create distinct impact profiles, with registration producing
immediate level changes and Al enrolment producing slope changes over time? (4) Are gains amplified
under climatic stress (heat and dryness), indicating a resilience channel aligned with sustainability
positioning?

Setting and data

We analyze a proprietary panel from a digital advisory provider operating in India, covering 904
anonymized farms across multiple subdistricts from March to November 2023. Two adoption events anchor
the design: registration (WhatsApp) and enrolment (Al portal), with enrolment clustered in three July
cohorts. Outcomes use multispectral satellite imagery and vegetation indices: NDVI as primary, with
NDWI, SAVI, NDRE, RVI, and RSM for robustness. Weather controls include temperature, humidity, and
precipitation; extreme-day and streak indicators (hot, dry, wet, cold) support resilience tests. The farm-day
structure enables precise alignment of adoption timing, weather, and satellite measurements.

Empirical approach

To separate immediate level changes from gradual slope changes and to recover heterogeneity, we combine:
(1) a local event regression—kink design around each adoption date; (ii) a natural cubic spline in days since
adoption to capture post-adoption curvature; and (iii) a saturated event-time panel with interactions for



extreme weather and farm-size strata. Registration and enrolment are estimated in separate specifications
to avoid collinearity. Farm fixed effects absorb time-invariant heterogeneity; controls capture daily weather
and seasonality. Identification rests on smooth evolution of unobservables within local windows and the
absence of other discrete shocks at cut-offs; pre-trend checks, bandwidth sensitivity, donut/placebo tests,
and outcome robustness (alternative indices) support the design.

Core findings

Registration effects: Around registration, medium farms exhibit the clearest, immediate uplift in NDVI;
small farms show smaller early gains; large farms move little at this first stage. Interpretation: a low-
complexity entry point is most effective where there is sufficient operational capacity to act quickly but not
so much organisational complexity that routine change is slow. This is consistent with frugal innovation as
an on-ramp to digital habit formation.

Enrolment effects: Around Al enrolment, trajectories often dip initially and then turn up strongly later (a
V-shape). Small farms experience a short-run decline followed by recovery; medium farms show a mid-
period dip and significant late gains; large farms register the most clearly positive late response. This pattern
is consistent with learning costs and workflow realignment during the transition from prompts to precision,
followed by larger payoffs once practices adapt. In staged leapfrogging terms, WhatsApp builds familiarity
and trust; the Al portal creates the step-change in capability.

State dependence and resilience: Effects are amplified on dry days and during extreme streaks. Under
moisture stress, the shadow price of mis-timed action rises, and so does the marginal value of precise, field-
specific advice. The portal functions as information insurance: it reduces downside risk when conditions
are most adverse, aligning the commercial logic of adoption with sustainability and climate-resilience goals.
The evidence supports a staged leapfrogging pathway in which a frugal front end (messaging) builds
attention, trust, and basic habits, and a full-stack Al layer unlocks planning and optimization. Task—
technology fit improves as tasks get harder and operations scale: richer analytics map to more demanding
decisions and yield larger late-period gains for medium and large farms. Heterogeneity by size provides
boundary conditions for theory and practical segmentation rules for roll-out.

Managerial and policy relevance

Managers should sequence and time technological upgrades deliberately: use WhatsApp to build habits,
then trigger Al-portal transitions just before forecast dry/heat spells. Target upgrades where operational
capacity and payoffs are highest (medium and large farms), using simple screens, consistent engagement,
pump access, cooperative membership. They can bundle smallholder upgrades with brief onboarding,
checklists, and stress-window reminders to compress the early dip. Preserve a frugal-to-full-stack pathway;
calls-to-action and instrument onboarding to improve conversion. Policymakers can pair wide-reach
messaging with targeted Al upgrades through cooperatives, align advisories with drought and water-saving
programmes, and offer resilience-linked vouchers or fee rebates during declared stress periods. Integrate
verified advisory use with insurance and credit to recognize risk reduction, and adopt clear consent, privacy,
and data-sharing standards. Use dashboards to report outcomes with privacy.

Scholarly contribution and fit with the workshop

Methodologically, combining event-time estimators with a event RKD study on daily satellite outcomes
provides a practical template for causal identification when technologies roll out in steps and usage is
timestamped. Substantively, the paper quantifies the value of information under volatility, documents
learning-by-using and absorptive capacity during a frugal-to-full-stack migration, and clarifies task—
technology fit under capacity constraints. The work directly engages the workshop’s sustainability priorities
by linking Al adoption to measurable greenness and water-status improvements during stress, and by
outlining how digital advisory systems can scale climate-smart practices in emerging markets.



