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Every Degree Costs a Harvest: Rice Yields and
the Arithmetic of Warming

= Down to Earth 1 August 2026 @ @

} INTERVIEW ANGLE

"Heat-tolerant rice varieties take years to develop and more years to reach farmers at scale,
while warming is already occurring. Given that lag, what should India be doing now that will still
be useful by the time the varieties arrive?"

(® Every fact web-verified against primary sources

THE LIFT LINE

Half a century of breeding raised Indian rice yields substantially. A few degrees of warming can subtract a

meaningful share of that, and unlike the breeding, the subtraction requires no one to do anything at all.

WHY THIS EDITORIAL MATTERS FOR YOUR EXAM

Climate impact on agriculture is a high-frequency GS3 theme, and this piece supplies something most
treatments lack: a specific quantified elasticity and the physiological mechanism behind it, which lets a

candidate write with precision rather than in generalities about climate affecting farming.

GS Paper 3: Major crops and cropping patterns; issues of buffer stocks and food security; conservation and

climate change; agricultural research.
GS Paper 1: Important geophysical phenomena; climatology; distribution of key natural resources.

For Prelims, know the physiological mechanism of heat damage in rice and the institutional architecture of

Indian agricultural research.
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CONCEPT MEANING WHY UPSC TESTS IT

Spikelet sterility Failure of grain formation caused The specific mechanism by which temperature reduces
by heat stress during flowering rice yield independently of water

Yield elasticity The proportional change in yield The quantified form of climate-agriculture research; here

to temperature associated with a unit change in 8.1 per cent per 1°C observed against 3.8 per cent
temperature modelled globally, and roughly 6.6 per cent for the India-

Pakistan-Bangladesh belt

ICAR Indian Council of Agricultural The institution responsible for heat-tolerant variety
Research, the apex body development

coordinating agricultural research

Seed The proportion of cultivated area Determines how quickly an improved variety actually
replacement rate ~ sown with newly purchased quality =~ reaches farmers

seed rather than farm-saved seed

BACKGROUND AND CONTEXT

India is among the world’s largest rice producers and consumers, and rice underpins both the public
distribution system and a substantial share of agricultural employment. The Green Revolution raised rice
yields substantially through improved varieties, fertiliser and assured irrigation, and that gain is the baseline

against which climate-driven yield decline must be measured.

Cumulative heat above ~30°C across Spikelet sterility (anther dehiscence and pollen tube elongation
the reproductive stage inhibited above ~33-35°C); only partially buffered by irrigation
Higher night temperatures Increased respiration losses, reducing net grain filling

Water stress Compounds heat effect by removing transpirational cooling,

particularly in groundwater-depleted regions

Improved varieties and management  The offsetting force; historically substantial, but with a long

development-to-adoption lag

THE CORE ARGUMENT / ISSUE

Why the mechanism determines the policy

An agricultural stress that operates through water scarcity can be addressed by irrigation. One driven
principally by cumulative heat exposure across the reproductive stage can only be partially buffered by it:

transpirational cooling in a well-watered field does keep canopy temperature below air temperature, but it
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cannot offset sustained heat above the sterility threshold. This distinction is the most policy-relevant element
of the finding, because India’s default response to agricultural stress, expanding irrigation, addresses only part

of the problem.

The study’s other headline is arguably more important for policy: the gap between the 3.8 per cent per 1°C that
crop models predicted and the 8.1 per cent that field-warming experiments actually observed. If models
systematically understate heat damage, then every yield projection built on them, including those

underpinning food-security planning, is optimistic by roughly a factor of two.

The geographic compounding problem

If heat stress were concentrated in regions with abundant water and low current production, the aggregate
effect would be modest. It is not. India’s major rice-producing regions substantially overlap with both areas of
significant projected warming and areas of existing groundwater depletion, meaning the same regions face

heat stress, water stress, and the largest absolute production at risk simultaneously.

The fiscal transmission is larger than the farm effect

Ayield decline of this magnitude does not stay within agriculture. Reduced production raises procurement
cost per unit, strains buffer-stock maintenance, and increases food-subsidy expenditure, all simultaneously
and all within a food-security architecture calibrated to current output levels. The fiscal consequence would be

felt as a general budgetary pressure rather than as an agricultural one.

Reading the number honestly

Ayield-per-degree elasticity is a modelled relationship holding other variables constant. Real agricultural
systems do not hold other variables constant: farmers shift sowing dates, substitute varieties, and alter
management practices, and breeding programmes continue delivering gains. The number should be read as a
measure of the pressure the system must absorb, not as a prediction of what will happen, since what happens
depends substantially on how effectively adaptation is deployed. Treating it as a forecast overstates the case

and invites easy dismissal; treating it as a measure of required adaptive effort does not.

HOW TO THINK ABOUT THIS (ANALYTICAL FRAME)

When assessing a threat to a system, distinguish the magnitude of the pressure from the
projected outcome, because the gap between them is exactly the space policy occupies. A
modelled elasticity describes force applied to a system holding response constant. The actual outcome
depends on the adaptive response, which is the variable policy can move. Confusing the two produces either
fatalism, treating the modelled figure as inevitable, or complacency, dismissing the figure because adaptation

exists. The useful posture treats the number as a specification of how much adaptation is required.
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THE DIAGRAM IN WORDS

Picture Indian rice yield as a line that climbed steeply from the 1960s through the breeding, fertiliser and
irrigation gains of the Green Revolution, then flattened. Now picture a downward force applied to that line,
proportional to warming, roughly 6.6 per cent per degree for this region and about 8.1 per cent globally in
observed field trials, acting continuously and requiring no decision by anyone. Against it push two upward
forces: continued breeding progress, which is slow to arrive because a variety takes years to develop and more
years to reach farmers, and farmer adaptation through sowing dates and management, which is fast but
limited in magnitude. Where the line actually goes is determined by whether the slow strong force arrives

before the fast weak one is exhausted.

WAY FORWARD

@ Accelerate heat-tolerant variety development through ICAR and state agricultural

universities, recognising that the breeding-to-adoption lag makes early initiation essential.

o Strengthen seed systems and raise the seed replacement rate, since a developed variety

delivers nothing until it physically reaches farmers’ fields at scale.

(3 Deploy sowing-date advisories as a fast, low-cost near-term adaptation that shifts the flowering

stage away from peak-heat windows.

o Support crop diversification away from rice in regions facing the most severe combined heat

and groundwater stress, where the crop is least suited to future conditions.

> Recalibrate crop insurance to heat risk, since existing products are largely rainfall-indexed

and would not trigger on a heat-driven yield failure occurring in an adequate-rainfall year.

PYQ LINKAGE AND PRACTICE

UPSC has tested climate change impacts on agriculture, food security, cropping patterns and agricultural
research repeatedly in GS3, and a quantified yield elasticity provides the specificity that distinguishes a strong

answer from a general one.

Practice question: “An agricultural stress that operates through heat rather than water cannot be addressed
by the instrument India has historically relied on.” Examine this claim with reference to temperature-linked

rice yield decline and India’s adaptation options. (250 words, 15 marks)

Interview angle: Heat-tolerant rice varieties take years to develop and more years to reach farmers at scale,
while warming is already occurring. Given that lag, what should India be doing now that will still be useful by

the time the varieties arrive?

Sources: Down To Earth, Indian Council of Agricultural Research, Indian Institute of Rice Research
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Source: Every Degree Costs a Harvest: Rice Yields and the Arithmetic of Warming — Ujiyari.com | Free UPSC &
State PCS Editorial Analysis
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® KEY ARGUMENTS AT A GLANCE

A Science Advances study comparing 214 field-warming
observations against seven crop models finds rice-yield losses of
about 8.1 per cent per 1°C of global warming in observation
against 3.8 per cent in the models, with the Pakistan-India-
Bangladesh belt estimate rising from a modelled 2.1 per cent to
roughly 6.6 per cent, implying that warming alone could erode a
substantial share of the productivity gains achieved since the
Green Revolution and that existing crop models materially
understate the risk.

v SUPPORTING

* Rice is physiologically sensitive to heat across the reproductive stage, particularly at
flowering, where temperatures above roughly 33 to 35°C inhibit anther dehiscence and
pollen tube elongation, causing spikelet sterility and direct yield loss; because the damage is
driven by cumulative heat exposure rather than by water scarcity, irrigation alone cannot

fully compensate for it.

* India’s rice production is concentrated in regions where temperature increases are projected
to be significant and where groundwater is already stressed, meaning the heat effect

compounds rather than offsets existing constraints.

* The procurement and public distribution architecture is calibrated to current production
levels; a sustained yield decline of this magnitude would strain buffer-stock maintenance
and food-subsidy costs simultaneously, with fiscal consequences well beyond the agriculture
budget.

A COUNTER

Yield-per-degree estimates are model-dependent and typically hold other variables constant,
whereas in practice farmers adapt through changed sowing dates, variety selection and
management practices, and continued breeding progress has historically offset environmental
pressures; treating a single elasticity as a forecast risks understating adaptive capacity.

— WAY FORWARD

Prioritise heat-tolerant variety development and rapid seed-system deployment, since the lag
between breeding and farmer adoption is long, while simultaneously supporting near-term

adaptation through sowing-date advisory, crop diversification away from rice in the most
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heat-and-water-stressed regions, and strengthened crop insurance calibrated to heat risk

rather than only to rainfall.
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»g,é\ MAINS ANSWER FRAMEWORK

QUESTION
Examine the implications of temperature-linked rice yield decline for India's food security, procurement

policy and agricultural research priorities. (250 words)

INTRODUCTION

A Science Advances study comparing 214 field-warming observations against seven crop models finds
observed rice-yield losses of about 8.1 per cent per 1°C of global warming against a modelled 3.8 per cent,
with the estimate for the Pakistan-India-Bangladesh belt rising from 2.1 to roughly 6.6 per cent, reframing

climate change in Indian agriculture as a near-term food-security and fiscal problem.

BODY

The physiological mechanism matters for policy because it determines which adaptations can work. Rice is
particularly vulnerable to heat during flowering, when elevated temperatures cause spikelet sterility,
meaning grains simply do not form.

This is primarily a heat effect rather than a water-scarcity effect. Irrigation does partially buffer it, since
transpirational cooling in a well-watered field keeps canopy temperature below air temperature, but
irrigation expansion, the standard Indian response to agricultural stress, cannot fully compensate for
cumulative heat exposure across the reproductive stage.

The geographic concentration compounds the problem: India’s principal rice-producing regions overlap
substantially with areas facing both significant projected warming and existing groundwater depletion, so
the heat effect adds to rather than offsets prevailing constraints. The consequences extend well beyond
farm incomes.

India’s procurement, buffer-stock and public distribution architecture is calibrated to current production; a
sustained yield decline would raise procurement costs and food-subsidy expenditure simultaneously while
reducing the surplus available for buffer maintenance, producing fiscal pressure on a scale that would be
felt far outside the agriculture budget. The appropriate methodological caution is that yield-per-degree
elasticities are derived from models holding other factors constant, whereas in practice farmers adapt,
through altered sowing dates, variety substitution and management change, and plant breeding has
historically delivered gains that offset environmental pressure.

A single elasticity should therefore be read as an indication of the pressure the system must absorb rather

than as a forecast of the outcome.

CONCLUSION

Because the lag between initiating heat-tolerant variety development and achieving farmer-level adoption
at scale runs to many years, the policy response must be simultaneous rather than sequential: accelerate
breeding and seed-system delivery for the medium term, while deploying sowing-date advisories, crop

diversification in the most stressed regions, and heat-calibrated crop insurance to manage the interim.
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