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Abstract — The paper analyses infrastructure and market connectivity as joint determinants of climate-resilient horticulture in
Kangra district, Himachal Pradesh. It uses a secondary-data case-study approach and the latest consistent state horticulture
series available in the supplied publications, covering 2011-12 to 2024-25. Although horticulture output expanded during the
period, climate variability, fragmented production, seasonal irrigation, post-harvest losses and costly transport threaten the
stability of smallholder returns. Kangra’s traditional kuhl systems, road network, urban centres and crop diversity provide a
strong base, but infrastructure must function as an integrated service chain. The study develops an Infrastructure Readiness
Matrix covering water, planting material, extension, protection, aggregation, grading, cold chain, processing, roads, digital
information and finance. It also proposes indicators for reliability, utilisation and inclusion. The analysis suggests that water
harvesting and micro-irrigation should be combined with crop planning; pack houses should be located only where verified
throughput exists; and producer aggregation should precede capital-intensive cold-chain investment. Climate resilience requires
diversified crops and seasons, quality planting material, local weather and pest advisories, and multiple market channels. A

phased investment and monitoring framework is recommended for Kangra.
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I. INTRODUCTION

Infrastructure determines whether a horticultural opportunity
becomes a stable livelihood. Fruit and vegetables are
perishable, quality-sensitive and often harvested in
concentrated windows. In a mountain district, even a
productive farm can lose value when irrigation fails, roads are
disrupted, transport is infrequent, grading is absent or buyers
have stronger information. Climate change magnifies these
weaknesses by increasing the frequency and covariance of
production and logistics shocks.

Kangra’s horticultural potential rests on diverse agro-climates,
proximity to towns and tourism markets, and long experience
with community-managed irrigation. Its constraints include
fragmented holdings, dispersed settlements, rainfall variability,
localised extreme events and uneven access to storage and
processing. The relevant policy question is therefore how to
sequence infrastructure so that physical assets deliver reliable
services to small producers.

This paper treats infrastructure as a system rather than a list of
projects. Water, plant health, extension, roads, aggregation,
grading, cooling, processing, information and finance are
complementary. A cold room cannot correct poor harvesting or
insufficient volume; improved production can reduce prices
when marketing does not expand; irrigation investment can

disappoint when planting material is unsuitable. System
coordination is the central analytical theme.

II. LITERATURE AND ANALYTICAL
PERSPECTIVE

The analytical significance of climate-resilient horticulture
infrastructure lies in the interaction between small holdings,
mountain ecology and unequal access to services. A farm may
possess suitable land and family knowledge but still obtain a
low net return if planting material is unreliable, irrigation is
seasonal, grading is absent or transport is costly. Conversely,
even a small holding can create a stable income stream when
production is diversified across seasons and linked to an
assured outlet. This interaction requires analysis of the whole
chain rather than a narrow comparison of crop yields.

Market access must be understood as a combination of
physical, institutional and informational connectivity. Road
distance matters, but so do frequency of transport, lot size,
availability of crates, price discovery, payment delay and
bargaining position. Digital price information can reduce
uncertainty, yet it cannot replace aggregation, grading and
logistics. Farmer producer organisations, cooperatives and
village-level collection centres can lower transaction costs
when they are professionally managed and accountable to
members.
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Climate risk changes both expected income and the variance of
income. Erratic rainfall, hail, heat episodes and shifting pest
incidence can reduce output, alter quality and compress the
marketing window. Adaptation should therefore combine water
harvesting, soil-moisture conservation, protected cultivation,
crop and variety diversification, plant-health surveillance and
risk transfer. A single intervention is unlikely to protect
household income when several shocks occur together.

The distributional question is equally important. Women often
perform nursery work, interculture, harvesting, cleaning and
post-harvest handling, while their role in land titles, formal
credit and marketing decisions may remain limited. Young
people may be interested in nurseries, precision irrigation,
aggregation, processing and digital marketing, but only when
horticulture offers a credible enterprise rather than disguised
underemployment. Policies that count only landowners can
miss these workers and entrepreneurs.

The case-study approach does not claim that every block of
Kangra has the same production system. Lower subtropical
belts, irrigated valleys and higher hill locations differ in
temperature, rainfall, crops and market access. The value of
district-level analysis is to identify common constraints and the
institutional links that can be adapted to local conditions.
Block-level planning and village-level validation should follow
any district strategy.

From an economic perspective, public investment is justified
where indivisibilities and externalities prevent individual
farmers from acting alone. Cold rooms, pack houses, diagnostic
laboratories, market yards, weather stations and major
irrigation structures involve scale economies. Extension,
disease surveillance and market information generate
spillovers. Public action should, however, be accompanied by
transparent maintenance plans, user participation and
measurable service standards.

A useful monitoring framework should distinguish inputs,
outputs and outcomes. Expenditure on training is an input;
adoption of recommended practice is an output; reduction in
crop loss or increase in net income is an outcome. Reporting
only the number of beneficiaries can overstate success.
Repeated measurement of yield, grade recovery, price
realisation, marketed surplus, production cost and household
income is needed to judge whether an intervention improves
welfare.

The evidence also supports a portfolio view of rural
livelihoods. Horticulture may be combined with cereals, dairy,
livestock, wage employment, tourism or small business. Such

combinations can smooth cash flow and reduce exposure to one
crop or one market. Development policy should not force
specialisation where risk is high; it should improve the returns
and resilience of the household portfolio while allowing
farmers to choose according to resources and preferences.

ITII. OBJECTIVES DATA AND METHODS

The objectives are to examine the infrastructure chain required
for resilient horticulture in Kangra; identify bottlenecks
affecting productivity, losses and price realisation; assess how
climate risks alter investment priorities; and propose a phased
district monitoring framework.

The study uses secondary information from the attached papers
and government statistical publications. State-level area and
production data through 2024-25 provide the macro context.
Published work on Kangra’s kuhls informs analysis of
irrigation institutions. District application is based on agro-
ecological and value-chain reasoning; block-level asset
inventories and throughput records should be added before
individual projects are sanctioned.

Infrastructure readiness is evaluated across four criteria:
coverage, reliability, utilisation and inclusion. Coverage
records who can physically access a service. Reliability
captures whether it works when needed. Utilisation measures
actual throughput relative to capacity. Inclusion examines
whether marginal, remote and women producers can use it on
reasonable terms. A facility with high installed capacity but low
reliability or exclusionary rules is not developmentally
effective.

Table 1: Growth context for infrastructure planning

Indicator 2011-12 2024-25 Change
Horticulture area in 139.0 th:)flgﬁl d 12.2%
Himachal Pradesh thousand ha ha increase
Hortlcqltur.e 2,660 3,284 2359
production in thousand MT thousand increase
Himachal Pradesh MT
Fruit share of reported o o Broadly
horticulture area 79.3% 78.8% stable
Vegetable share of Broadl
reported horticulture 65.8% 65.2% Y
stable
output
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Figure 1: Production grew faster than reported area in the state
series

IV. RESULTS AND DISCUSSION

The state series shows that production increased faster than
area. For infrastructure planning, this means that the quantity
requiring handling, transport and marketing can rise even when
cultivated area changes slowly. Capacity should be based on
verified peak-season throughput, crop calendars and catchment
travel time rather than on area alone.

Water infrastructure is the first layer of resilience. Kangra’s
kuhl tradition illustrates the importance of collective
maintenance and rules. Rehabilitation should be combined with
small storage, efficient conveyance, micro-irrigation and soil-
moisture conservation. Reliability during critical crop stages is
more meaningful than nominal irrigated potential. Water
budgeting should guide the choice and scale of crops.

Biological infrastructure includes accredited nurseries, mother
plants, diagnostic services, plant-health surveillance and timely
access to appropriate inputs. Climate change alters pest and
disease dynamics and can make traditional planting choices
less suitable. Traceability and local diagnostic capacity reduce
the risk that public subsidies distribute poor-quality or
maladapted material.

Post-harvest infrastructure should begin with harvest maturity,
shade, field crates, aggregation, grading and transport
scheduling. These lower-cost functions often yield benefits
before refrigeration. Cold rooms and controlled facilities
become viable only when product volume, temperature needs,
power reliability, management capacity and buyer linkage are
established. Processing is valuable for surplus and lower grades
but requires food-safety compliance and market development.

Table 2: Infrastructure readiness matrix for Kangra

Component Service Failure signal | Priority metric
standard
Water systems PPy but crops face PPLy
maintenance and area
stress
rules served
Traceable High mortality | Certified plant
Nursery and plants and .
. or mixed share and
plant health rapid . .
. . varieties response time
diagnosis
Extension and Logatlon- Gepqnc Adoption and
specific and training
weather . . problem-
. timely without .
advice . resolution rate
messages adoption
Transparent Volume
Collection and ansp Small lots and aggregated
. weighing and .
grading - . distress sale and grade
quality sorting
recovery
Correct Low Capacit
. temperature utilisation and _-apacity
Cold chain . utilisation and
and assured high energy .
loss reduction
throughput cost
Predictable Missed Travel time
Road and . . markets and
pickup during . and transport
transport high cost per
harvest cost
kg
Safe Unsold Input
. conversion inventory or throughput
Processing with buyer idle and sale
linkage machinery realisation
Usable Delayed .
.. . . Payment time
Digital and information payment and .
. . and effective
finance and affordable | informal high- .
Lo credit cost
liquidity cost debt

V. CLIMATE RISK AND MARKET
CONNECTIVITY

Climate risk operates through temperature, rainfall, hail,
storms, pests and disruption of roads or electricity.
Infrastructure must therefore include redundancy. Multiple

water sources, decentralised aggregation, alternative routes,
backup power for critical cooling and multiple buyers can
prevent a local failure from becoming a total income loss. Crop
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and harvest calendars should be reviewed with observed
weather trends.

Market connectivity has three layers. Physical connectivity
concerns roads, transport and distance. Organisational
connectivity concerns aggregation, contracts, producer
organisations and service providers. Informational connectivity
concerns prices, demand, quality standards and payment.
Investment that improves only one layer may have limited
impact. A road without aggregation leaves unit transport cost
high; a digital price message without buyer choice may not
improve bargaining.

Direct marketing, institutional sales, tourism demand,
processors and conventional wholesale markets should be
treated as a portfolio. Each channel has different volume,
quality, packaging and payment requirements. Producer
organisations can allocate grades to appropriate channels and
reduce dependence on one buyer. Transparent cost and price
records are essential for judging whether a shorter chain
actually raises the farmer’s net return.

Table 3: Phased investment strategy

Phase Time Core actions Decision gate
horizon
Asset mapping,
. epair wate . .
Baseline s sielr)n Sl :;/0 Zm d Verified service
and 0-12 months Y » CTOP gaps and user
repair market census, oups
p crates and group
advisories
llecti i ..
“arading nusery | Mimimum
Aggrega gaccre%i’itationry seasonal
tion and 1-3 years ’ throughput and
i producer
quality . governance
organisation
. standard
capacity
Cold . . .
chain Selective cooling, Business plan,
and -5 vears pack houses, power reliability
ocessi Y processing and and utilisation
p ng buyer contracts threshold
Perf
Scale reviv(zng?rr;caie Demonstrated net
and Continuous ; benefit and
redesign and . .
adapt S inclusive access
replication

VI. GOVERNANCE FINANCE AND
EVALUATION

The analytical significance of infrastructure governance in
Kangra lies in the interaction between small holdings, mountain
ecology and unequal access to services. A farm may possess
suitable land and family knowledge but still obtain a low net
return if planting material is unreliable, irrigation is seasonal,
grading is absent or transport is costly. Conversely, even a small
holding can create a stable income stream when production is
diversified across seasons and linked to an assured outlet. This
interaction requires analysis of the whole chain rather than a
narrow comparison of crop yields.

Market access must be understood as a combination of
physical, institutional and informational connectivity. Road
distance matters, but so do frequency of transport, lot size,
availability of crates, price discovery, payment delay and
bargaining position. Digital price information can reduce
uncertainty, yet it cannot replace aggregation, grading and
logistics. Farmer producer organisations, cooperatives and
village-level collection centres can lower transaction costs
when they are professionally managed and accountable to
members.

Climate risk changes both expected income and the variance of
income. Erratic rainfall, hail, heat episodes and shifting pest
incidence can reduce output, alter quality and compress the
marketing window. Adaptation should therefore combine water
harvesting, soil-moisture conservation, protected cultivation,
crop and variety diversification, plant-health surveillance and
risk transfer. A single intervention is unlikely to protect
household income when several shocks occur together.

The distributional question is equally important. Women often
perform nursery work, interculture, harvesting, cleaning and
post-harvest handling, while their role in land titles, formal
credit and marketing decisions may remain limited. Young
people may be interested in nurseries, precision irrigation,
aggregation, processing and digital marketing, but only when
horticulture offers a credible enterprise rather than disguised
underemployment. Policies that count only landowners can
miss these workers and entrepreneurs.

The case-study approach does not claim that every block of
Kangra has the same production system. Lower subtropical
belts, irrigated valleys and higher hill locations differ in
temperature, rainfall, crops and market access. The value of
district-level analysis is to identify common constraints and the
institutional links that can be adapted to local conditions.
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Block-level planning and village-level validation should follow
any district strategy.

From an economic perspective, public investment is justified
where indivisibilities and externalities prevent individual
farmers from acting alone. Cold rooms, pack houses, diagnostic
laboratories, market yards, weather stations and major
irrigation structures involve scale economies. Extension,
disease surveillance and market information generate
spillovers. Public action should, however, be accompanied by
transparent maintenance plans, user participation and
measurable service standards.

A useful monitoring framework should distinguish inputs,
outputs and outcomes. Expenditure on training is an input;
adoption of recommended practice is an output; reduction in
crop loss or increase in net income is an outcome. Reporting
only the number of beneficiaries can overstate success.
Repeated measurement of yield, grade recovery, price
realisation, marketed surplus, production cost and household
income is needed to judge whether an intervention improves
welfare.

The evidence also supports a portfolio view of rural
livelihoods. Horticulture may be combined with cereals, dairy,
livestock, wage employment, tourism or small business. Such
combinations can smooth cash flow and reduce exposure to one
crop or one market. Development policy should not force
specialisation where risk is high; it should improve the returns
and resilience of the household portfolio while allowing
farmers to choose according to resources and preferences.

Capital grants should specify ownership, operating
responsibility, user charges, maintenance reserves and public
reporting. Assets should not be counted as functional merely
because construction is complete. Independent utilisation
checks and user feedback can identify idle equipment and
access barriers. Where scale is insufficient, mobile or shared
services may be preferable to permanent facilities.

Finance must match biological and marketing cycles. Orchard
establishment requires longer repayment and grace periods than
seasonal vegetables. Working capital is needed for inputs,
labour, packaging and aggregation. Credit appraisal should use
realistic cash flow and climate risk, while insurance products
must be understandable and timely. Public support should avoid
encouraging debt-financed investment in crops that lack water
or buyers.

A district dashboard can publish service reliability, facility
utilisation, losses, price realisation, payment delays and

beneficiary composition. Results should be disaggregated by
block, farm size and gender. Periodic cost-benefit analysis
should include maintenance, energy, management and
environmental cost. This turns infrastructure policy from asset
creation into accountable service delivery.

VII. CONCLUSION

Climate-resilient horticulture in Kangra requires a connected
system of water, biological quality, extension, aggregation,
grading, logistics, processing, information and finance. The
evidence supports careful sequencing: repair and baseline first,
aggregation and quality second, and capital-intensive cooling
or processing only after throughput and management are
demonstrated. Infrastructure should be evaluated through
reliability, utilisation, inclusion, loss reduction and net farmer
return. Such an approach can convert Kangra’s ecological
diversity and market location into stable, widely shared
horticultural growth.

Research Robustness and Future Empirical Extension

The next empirical stage should begin with a data audit.
Administrative series frequently differ in their crop definitions,
units, reference periods and treatment of provisional values.
Area may refer to planted area, bearing area or harvested area,
while production may be recorded as estimates before final
reconciliation. Each observation should therefore retain its
source, unit, revision status and geographical coverage.
Apparent productivity should be calculated only after
confirming that numerator and denominator refer to the same
crop group and period. This discipline is particularly important
when district records are combined with state and national
series.

Primary data collection should be preceded by cognitive testing
of the questionnaire in villages outside the final sample.
Farmers may interpret income, cost, irrigation access,
household membership and market distance differently. Crop
calendars can be used to anchor recall, and quantities should be
recorded before respondents are asked to value them.
Enumerators should distinguish cash payment from family
labour, own manure, retained produce and exchange
transactions. Supervisors should re-contact a random share of
households, review extreme values daily and maintain a written
correction log.

Sampling weights should be retained when selection
probabilities differ across blocks, villages or farm-size strata.
Non-response must be documented by reason and location
rather than replaced casually. If remote households are more
likely to be absent or refuse, unweighted estimates can
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overstate access and welfare. Confidence intervals should
accompany major estimates, and subgroup results should be
suppressed or combined when cell sizes are too small for
reliable inference or confidentiality. The final report should
provide a transparent sample-flow table from the original frame
to analysed observations.

Monetary comparisons across years require deflation with an
appropriate price index. Gross return, gross margin, farm
business income and net income should not be used
interchangeably. Net income should subtract paid-out costs,
depreciation and an explicit valuation of family labour, while
sensitivity analysis may show results with alternative wage
rates and discount rates. Per-hectare indicators should be
complemented by per-household and per-worker measures
because intensive enterprises can produce high returns per
hectare but modest total household income on very small
holdings.

Robustness analysis should test whether conclusions depend on
one definition or model. Diversification can be measured with
crop count, Herfindahl or Simpson indices; market access can
use distance, travel time or transport cost; and resilience can
use equal or data-driven weights. Regression diagnostics
should examine  heteroskedasticity, = multicollinearity,
influential observations and functional form. Clustered
standard errors are appropriate when households share village-
level shocks. Statistical significance should be reported with
effect size and substantive interpretation.

Ethical practice is essential even in low-risk socioeconomic
research. Respondents should receive a clear explanation of
purpose, voluntary participation, confidentiality and intended
use. Names, phone numbers and exact locations should be
stored separately from analysis files. Questions about debt,
caste, income, land disputes and decision-making can be
sensitive and should be asked privately by trained investigators.
Community permission does not replace individual consent.
Results should be shared back in an accessible form without
identifying households or creating unrealistic expectations of
programme benefits.

The research should also recognise seasonality. A one-time visit
can miss labour peaks, temporary migration, disease outbreaks,
market gluts and expenditure stress. A panel or at least two
seasonal visits would improve measurement of income stability
and coping. Where repeated surveys are not feasible, event
calendars, crop-wise transaction records and recall of the most
recent normal and shock year can provide limited longitudinal
context. Weather and market series should be aligned with the
household agricultural year rather than the calendar year.

Policy recommendations should be subjected to feasibility and
distributional tests. For every proposed intervention, the
analysis should identify the implementing institution, operating
cost, maintenance responsibility, expected users, likely
exclusion risks and measurable outcome. Pilot investments
should include a comparison or phased rollout where feasible.
Scaling should depend on demonstrated use and net benefit, not
merely completion of construction or expenditure. This
approach links research to accountable planning while
preserving the distinction between evidence, inference and
recommendation.

For infrastructure analysis, geotagged asset mapping and
service logs can distinguish installed capacity from functional
capacity. Facility-level records should include downtime,
power cost, throughput, user composition and revenue. Climate
scenarios can be stress-tested against crop calendars and road
access. A project should be considered resilient only if it
continues to provide an acceptable service during the periods
when farmers are most exposed.
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