








4.3.	 KEY TAKEAWAYS

Physiological risk extends far beyond temperature-defined hazard zones. EHI-6* identifies 
conditions under which the body’s maximum thermoregulatory capacity is exceeded, so 
that core temperature rises above its normal value under sustained exposure. Under high 
humidity, such conditions can occur at temperatures tens of degrees lower than those that 
trigger dry-bulb-based alerts. Consequently, in humid regions, conditions categorized as 
“caution” can already be unsafe for individuals engaged in strenuous labor. Cumulative 
exposure compounds this risk, since a worker exposed to Zone 5 or 6 conditions over 
consecutive days faces progressively higher vulnerability than what peak-hour assessment 
might reveal, particularly when overnight conditions limit recovery.

Humidity widens the gap between temperature-based warnings and physiological reality. 
The divergence between EHI-6* and dry-bulb thresholds increases sharply at elevated 
humidity. In the 2024 cross-comparison, 29.4% of coastal pixels and 25.8% of hilly pixels 
reached EHI-6* Zone 5 or higher without triggering any dry-bulb heatwave classification, 
compared to 15.8% of plain pixels. This blind spot is structural rather than incidental. It 
covers the entire eastern and western coastal belt, the Andaman and Nicobar Islands, and 
the humid northeast, where workers face conditions that the dry-bulb heatwave system 
does not classify as dangerous. Counterintuitively, the blind spot is widest in years that 
are not blistering dry. In 2021, the year with the least severe dry-bulb heat, EHI-6* flagged 
20.7% of India as hazardous for outdoor workers in areas the dry-bulb system did not 
classify as heatwave at all, the largest such divergence in the six-year record.

Sunlight exposure amplifies risk. EHI-6* (heavy labor in direct sunlight) reaches Zone 6 
earlier in the workday than EHI-6 (heavy labor in shade). For outdoor workers without access 
to shade infrastructure, the effective safe working window shrinks significantly during the 
pre-monsoon hot months. In districts where EHI-6* reached Zone 6, sun-exposed manual 
workers face elevated risk of heat-related illness and, under sustained exposure without 
rest or intervention, heat-related mortality. Alert protocols and worksite provisions must 
account for this differential exposure between shaded and unshaded labor. See Kiliç and 
Gadgil (2026) for detailed comparison of shaded versus unshaded thresholds.

Worker heat exposure is chronic, not episodic. Across all six years of the analysis period 
(2020–2025), 93.8% to 96.1% of India reached EHI-6* Zone 5 or higher during working 
hours every single year. In other words, even in the mildest year almost the entire country 
crosses at least once each summer into conditions where a laboring body is approaching, 
or has passed, the limit of what it can compensate for. This exposure is stable across years, 
even as dry-bulb severe heatwave coverage swings by an order of magnitude over the 
same period (2.3% to 23.2%). What varies between years is the share of land in Zone 6 
(uncompensable conditions): 72.8% in 2022 to 81.6% in 2024. The “wave” framing, where 
heat is an event that arrives, peaks, and passes, fundamentally misrepresents what outdoor 
workers face. For the hard-laboring outdoor workforce, the hot season is a sustained 
physiological emergency, with marginally worse years inside it.
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Cumulative exposure and nighttime recovery. The analyses above report maximum-
envelope conditions, meaning the worst zone reached at any working hour across the 
analysis period. This frames peak intensity but not duration of exposure. Occupational heat 
risk is fundamentally cumulative. A worker exposed to Zone 5 for five consecutive days faces 
greater physiological burden than the maximum-envelope statistic suggests, particularly 
when overnight conditions limit recovery. The disease burden of chronic heat exposure also 
extends beyond acute heat stroke to chronic kidney disease, cardiovascular strain, adverse 
pregnancy outcomes, and accumulated productivity loss (Ebi et al., 2021). Nighttime 
recovery is increasingly compromised, as concurrent hot-day and hot-night events have 
risen significantly in India in recent decades (Mukherjee & Mishra, 2018), and warm nights 
impose an independent physiological burden by impairing sleep and limiting the overnight 
recovery the body relies on after daytime heat (Obradovich et al., 2017). With less than 15% 
of Indian households owning air conditioners (Gupta et al., 2025), most outdoor workers 
begin each workday in cardiovascular and hydration deficit accumulated overnight. Heat 
governance frameworks calibrated only to daytime maxima systematically underestimate 
this cumulative risk. Future iterations of EHI-N* and SHRAM could incorporate 24-hour 
exposure metrics and multi-day cumulative strain measures alongside the current peak-
envelope outputs. 
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5.	POLICY IMPLICATIONS OF 
EHI-N*

India’s heat governance architecture operates at multiple levels. At the strategic level, 
State Action Plans on Climate Change (SAPCCs) identify rising temperatures as a cross-
sectoral climate risk, but they are framework documents and not the primary instruments 
for operational heat response. State Disaster Management Plans (SDMPs), prepared under 
the Disaster Management Act 2005, primarily focus on emergency response during all 
natural and man-made disasters. Heatwaves have now been added to the list of notified 
natural calamities under the National and State Disaster Response Fund (NDRF and SDRF) 
guidelines for 2026-31. This will enable SDRF funds to be used for heat response and 
mitigation, with the NDRF funds available to cover any deficits. 

State, city, and district Heat Action Plans (HAPs) developed in coordination with NDMA’s 
National Guidelines for Preparation of Action Plan: Prevention and Management of Heat 
Waves, are operational plans that encompass the entire suite of short-term to long-term 
interventions. As of 2025, more than 23 states and 130+ cities and districts have notified 
HAPs that specify heat alert thresholds, inter-agency coordination protocols, and on-the-
ground response measures including cooling shelters, work-hour modifications, and public 
health surveillance.

EHI-N* is most directly relevant to these implementation-level plans. District-level EHI-N* 
risk maps (Section 4) and the near-real-time SHRAM dashboard (Section 6) can be 
embedded in HAPs and SDMPs in four concrete ways.

1.	 Complementary worker-protection trigger. Current HAPs activate response 
actions at dry-bulb thresholds. Adding an EHI-6* threshold for outdoor-worker-
specific actions, such as work-hour shifts, mandatory shade and oral rehydration 
solution (ORS) provision, and stop-work orders, would ensure these arrive in time 
in humid and coastal districts where dry-bulb alerts are often too late.

2.	 Improving heat risk assessment. Several SDMPs and HAPs require district-level 
hazard and vulnerability mapping. Multi-year EHI-N* maps, which incorporate 
humidity, solar radiation and metabolic load, provide a more accurate hazard layer 
than temperature alone for the labor-exposed population.

3.	 Income security and wage protection. EHI-N* can provide a threshold for heat 
protection under central government schemes such as VB-G RAM G, and for 
payouts under parametric heat insurance and other layered wage-protection 
instruments.

4.	 Disaster classification and impacts. EHI-N*-based exposure metrics can support 
the classification of heat events under disaster response funds and strengthen the 
attribution of heat-related mortality. 
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5.1.	 COMPLEMENTARY WORKER-PROTECTION TRIGGER

EHI-N* can make worker safety regulations more effective for protection from heat 
stress. Several states have made provisions for welfare measures — shelters, access to 
cold water and rehydration solutions, and modified work timings during heatwaves (see 
Table 5 for state-specific examples). However, these protections often arrive too late to 
safeguard outdoor manual laborers. Heatwave declarations across most states use dry-
bulb temperature as thresholds, ignoring the impact of humidity and metabolic heat in 
compounding heat stress.

Given the advancement in understanding heat stress for different population groups, 
heatwave definitions can be structured around two separate thresholds, one for the general 
population (for whom EHI-3 conditions apply) and one for outdoor laborers (for whom 
EHI-6* conditions apply). The general-population threshold (EHI-3) would activate public 
health interventions at scale, such as awareness campaigns, heat wards, public drinking 
water points, and deferral of outdoor school sports. The laborer threshold (EHI-6*)would 
trigger workplace and work-schedule modifications (e.g. for construction, gig work, and 
heat-exposed industries) mandatory provision of ice slurry and rehydration solutions, 
opening of cooling shelters, and stop-work orders during peak strain. EHI-6*-based triggers 
would protect workers laboring in the sun in humid areas (such as along the coasts) who 
currently fall outside dry-bulb warning systems.

This logic extends to early warning systems. Short-term EHI-6* forecasts, out to seven 
days, enable states to warn workers and employers ahead of imminent high-strain periods. 
Targeted early alerts for informal outdoor workers (street vendors, rickshaw-pullers, 
agricultural laborers, gig delivery workers) can help these populations manage their work 
and protect their health. By reducing prolonged exposure to dangerous heat conditions, 
such alerts can prevent heat-related illness, reduce demand for medical interventions, and 
lower heat-related mortality.

Table 5:  State-level heat policies for outdoor workers during heat stress.

State Concrete Policy Actions for Construction / Outdoor Workers

Odisha

Government orders halt of outdoor work during peak afternoon hours, 
rescheduling of construction and MGNREGA work to early morning/eve-
ning, and compulsory provision of drinking water and shaded rest areas at 
worksites during heat alerts.

Telangana
Heat Action Plan directs employers to shift work timings, ensure cooling 
breaks, provide ORS and drinking water, and train site supervisors to identi-
fy heat illness symptoms among workers.

Karnataka
State HAP requires temporary shelters near worksites, work-hour reschedul-
ing, and deployment of local officials to monitor compliance at public works 
and construction sites during heatwave warnings.
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State Concrete Policy Actions for Construction / Outdoor Workers

Delhi
DDMA orders include temporary worker shelters, mandatory water availabil-
ity at construction sites, adjusted labor timings, and coordination with labor 
inspectors during heat alerts.

Tamil Nadu
District collectors issue operational orders to restrict outdoor labor during 
peak heat, ensure shaded rest spaces, and prioritize health surveillance of 
construction and sanitation workers during heatwave periods.

Worker safety protections need to explicitly recognize differential vulnerability. Pregnant 
women, breastfeeding mothers, and women workers are generally more vulnerable to heat, 
alongside older adults and workers with chronic illness or recent heat injury (Lakhoo et 
al., 2024). Beyond physiological thresholds, the provision of safe, private toilet facilities at 
or near worksites is itself a heat-safety intervention, since without it women workers self-
restrict hydration in ways that defeat the protective intent of water and ORS provision.

5.2.	 IMPROVING HEAT RISK ASSESSMENT 

District vulnerability assessments have mapped heat risk across India, identifying a 
concentration in the central heat belt (Azhar et al., 2017) and finding 417 of 734 districts 
(57%), home to roughly three-quarters of the population, at high to very high risk (CEEW, 
2025). These assessments build their hazard layer from meteorological indicators, and 
the common metrics carry the limitations discussed above. The NOAA Heat Index relies 
on extrapolations that are unreliable in India’s hot-humid conditions, and WBGT-based 
approaches require a black-globe measurement that is difficult to reconstruct at gridded 
scale. EHI-N* offers a hazard indicator computed directly from reanalysis inputs that 
expresses heat in physiological terms, for the general public as well as outdoor workers.

Where hazard is currently derived from temperature and humidity, EHI-N* uses these 
alongside metabolic heat generation and solar heat input to calculate a physiological 
impact. We are therefore able to calculate the number of working hours per season in 
which a laboring body cannot maintain thermal equilibrium and will progress to extreme 
heat stress. Pairing that measure of heat hazard with the number of the district workers in 
outdoor and heat-exposed occupations — e.g. construction, brick kilns, agriculture, street 
vending — would yield the relevant quantity for workers’ heat protection, namely worker-
hours of unacceptably high heat stress per district per season. This leads to the cost to the 
employer of a work-suspension order or the cost of covering wages through parametric 
insurance.
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5.3.	 INCOME SECURITY AND WAGE PROTECTION

The Mahatma Gandhi National Rural Employment Guarantee Act (MGNREGA), 2005, 
guaranteed 100 days of wage employment per rural household per year. In December 
2025, this was repealed and replaced with Viksit Bharat–Guarantee for Rozgar and Ajeevika 
Mission (Gramin) Act or the VB-G RAM G Act, 2025, which has increased the statutory 
provision to up to 125 days per calendar year. Data shows that there was a clear seasonal 
pattern to the demand for rural employment under MGNREGA. Summer months April-
May-June consistently ranked amongst the highest demand months, since the agricultural 
labor demand is low (India Macro Indicators, 2025; Drèze and Rahul, 2025). These are 
also the months with high heat stress, and hence this pattern is concerning regarding its 
potential health impacts on participating households4. Both the acts have provisions for 
basic welfare facilities (such as water, shade) for workers, and expanded job guarantees 
and extended work opportunities during natural calamities such as droughts and floods. 
However, no dedicated extreme-heat protections exist, such as mandated work-hour 
changes tied to heat alerts, heat pay, or workplace safety standards tied to physiological 
heat stress thresholds. 

EHI-6* is directly relevant for creating heat protections under these employment guarantee 
schemes. When the EHI-6* crosses a given threshold, signifying excessive heat stress for 
those laboring outdoors, the rules and operational guidelines could activate modified work 
timings, additional facilities such as cold water or ice slurry, stop-work in venues without 
tree cover, or an extreme-heat-day payout. This would ensure that participating workers do 
not pay for their wages with their health.

Similarly, recent pilots of parametric heat insurance conducted by a consortium of civil 
society organizations have been successful in demonstrating how timely payouts when 
it’s too hot to work outside could prevent families from falling into debt traps (World 
Economic Forum, 2025). The innovative product includes automated payouts based on 
weather thresholds, without the need to file a claim. EHI-6* provides a relevant metric to 
base such schemes on, capturing the physiological impact of exposure to sun as well as 
manual labor. 

Several India-based programs illustrate how a layered architecture of risk transfer and 
risk reduction can be operationalized for heat-exposed informal workers. The common 
principle across these efforts is that insurance payouts and warnings alone are insufficient. 
A parametric payout that arrives after exposure does not prevent illness or lost wages, 
and alerts without accompanying protection cannot prompt action in workers who cannot 
afford to forgo a day’s wages. Bundling financial instruments with physical protection, 
behavioral support, and community-based delivery converts isolated interventions into a 
resilience system.

One example illustrates the pattern. A parametric heat insurance scheme for informal 
women workers in Gujarat, launched in 2023 and since extended to other states, pays 
out automatically when local temperature thresholds are crossed, with no claim to file. 
Enrollment bundles the payout with adaptation equipment rather than cash alone, so the 
financial and physical layers arrive together. This scheme covered 21,000 informal women 
workers in Gujarat. By 2024, the program had expanded to 50,000 women across 22 
districts in Gujarat, Rajasthan, and Maharashtra, with support from Climate Resilience for 
All. Payouts are triggered automatically when local temperature thresholds are exceeded, 
eliminating the need for claims filing. Critically, enrollment includes wrap-around adaptation 

4	 Specific data on health outcomes of participating households is unavailable.
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equipment (solar lights, tarpaulin sheets, overhead umbrellas, and insulated water jugs) 
distributed alongside the insurance product rather than as a separate intervention. EHI-
6* would offer a more physiologically grounded trigger than dry-bulb temperature alone, 
capturing the humidity and solar exposure that drive actual heat stress for these worker 
categories (Kara & Rotman Parker, 2026). 

Together these programs cover the financing, planning, delivery, and community-
engagement layers a comprehensive heat resilience architecture requires. Embedding 
EHI-6* thresholds as a common trigger across them would align insurance payouts, alert 
dissemination, worksite modifications, and welfare provisions to the same physiological 
benchmark, reducing the risk of any single intervention activating too late or in isolation.

5.4.	 DISASTER CLASSIFICATION AND IMPACTS

India’s National Disaster Management Authority (NDMA) has explicitly recognized 
heatwaves as a major and growing disaster risk and has issued national guidelines on 
heatwave management integrating public health preparedness, labor advisories, and 
community awareness into heat response (NDMA, 2019).  Until recently, heatwaves were 
not notified as a national disaster under India’s Disaster Management Act, making them 
ineligible for support from the National Disaster Response Fund (NDRF) (Lok Sabha, 
2026); a few states had issued their own notifications classifying heatwaves as a state-
specific disaster, which enabled up to 10% of the State Disaster Response Fund (SDRF) 
to be allocated for heat. During FY 2024-25, the Central Government released about 
₹20,264 crore under the SDRF and ₹5,160 crore from the NDRF, amounting to roughly 
₹25,000 crore in combined disaster response funding. In addition, nearly ₹5,700 crore 
were released from disaster mitigation funds (SDMF and NDMF) to support mitigation 
activities across states. Utilization of these funds varies significantly by state. Following 
the Sixteenth Finance Commission recommendation that both heatwaves and lightning 
be included as national disasters, recognizing that they “often exceed the coping capacity 
of affected communities” (Sixteenth Finance Commission, 2026). The Union Ministry of 
Home Affairs subsequently added both to the list of notified natural calamities under the 
Operational Guidelines for Administration of the SDRF and NDRF for the 2026-31 award 
period (Lok Sabha, 2026). A policy framework for providing relief assistance through these 
funds is now in place, and heatwave mitigation projects are eligible under the disaster 
mitigation funds. Eligibility, however, does not resolve targeting. Heatwave declaration in 
India rests on dry-bulb temperature criteria issued by the India Meteorological Department, 
which the analysis above suggests do not always track the conditions under which outdoor 
workers are physiologically at risk. Heat deaths are also under-reported, since heat usually 
kills by worsening cardiac and kidney conditions that are recorded as the cause instead.

The Extended Heat Index for laboring populations (EHI-N*) offers a pathway to bridge 
this measurement and governance gap by linking heat stress thresholds to exposure-
based health risk. Modeling results show that, under sustained Zone 6 conditions without 
rest or intervention, the body of a worker engaged in heavy manual labor can approach a 
critical core temperature within an hour (Kiliç and Gadgil, 2026). By enabling district-level 
identification of extreme heat stress conditions for heavy manual labor, EHI-6 and EHI-6* 
can support probabilistic attribution of heat-related mortality, strengthen administrative 
verification, and provide objective triggers for ex-gratia compensation eligibility. Integrating 
physiologically grounded thresholds into health reporting protocols and disaster relief 
would improve transparency, equity, and accuracy in India’s heat-mortality tracking and 
response systems.
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6.	INTRODUCING SHRAM

SHRAM, System for Heat Risk Assessment for Manual labor, is a real-time heat stress 
monitoring and early warning platform developed to help protect outdoor workers across 
India. The dashboard translates the EHI-N* framework into an accessible operational 
tool, displaying current heat stress conditions for over 700 districts nationwide. Data are 
updated hourly using observations from India Meteorological Department weather stations. 
Unlike generic heat advisories that apply uniform temperature thresholds regardless of 
activity level or sun exposure, SHRAM allows users to view conditions specific to their work 
scenario. SHRAM offers separate views for metabolic load (MET 3 through 6) and shade 
versus direct sun exposure.

For policymakers and public health officials, SHRAM provides an evidence base for 
operationalizing heat protection within existing planning frameworks. State and district 
administrators can monitor conditions in real time and issue location-specific advisories 
through state disaster management plans (SDMPs) and city or district heat action plans 
(HAPs). This avoids blanket warnings, which are ignored when they appear overly cautious 
in some areas and inadequate in others. Labor commissioners can use the data to support 
enforcement of regulations on outdoor work during high-strain periods, backed by objective 
physiological assessments. Public health departments can correlate SHRAM zone data 
with hospital admissions for heat-related illness, allowing local validation and refinement 
of response protocols. The seven-day forecast enables proactive planning, including pre-
positioning medical resources and alerting employers to upcoming hazardous conditions, 
and rescheduling public works to avoid peak-strain periods.

For workers, employers, and the public, SHRAM makes heat stress information accessible 
that was previously available only to researchers and specialized agencies. Labor contractors 
can document that they monitored conditions and adjusted work schedules accordingly. 
Factory owners can plan shifts to minimize exposure during peak-strain hours. The 
dashboard’s color-coded zones require no technical expertise to interpret. Green indicates 
safe conditions, yellow and orange the need for precautions, red conditions where rest, 
shade and hydration are essential, and purple conditions requiring immediate intervention. 
Where work cannot be paused, alerts are paired with specific guidance on rest cadence, 
hydration, ice slurry, and symptom recognition rather than blanket stop-work instructions, 
which are often unrealistic for workers who cannot afford to forgo a day’s wages.

Effective dissemination of SHRAM alerts requires layered delivery channels rather than 
reliance on any single platform. Smartphone penetration is uneven across the informal 
workforce, and many of the most heat-exposed workers are unlikely to receive alerts 
through digital channels alone. SHRAM dissemination would ideally combine automated 
voice calls in regional languages, radio bulletins during the pre-monsoon months, public 
address systems in markets and worksites, billboard displays in high-traffic urban areas, 
school-based messaging that reaches families through children, and SMS or WhatsApp 
alerts where appropriate. Community networks are equally essential. ASHA and Anganwadi 
workers, self-help group federations, trade unions, welfare board outreach, and panchayat-
level functionaries can carry alerts to populations beyond the reach of any single platform. 
Workplace-level dissemination through employer notifications and supervisor briefings 
can extend coverage to formal-sector workers.
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Alert content matters as much as delivery. For workers who cannot afford to forgo wages, 
an alert that simply says “stop work” may be ignored. SHRAM alerts could instead carry 
adaptation guidance scaled to the zone reached. This would cover rest cadence and duration, 
hydration and oral rehydration protocols, recognition of early symptoms such as cramps, 
headache, dizziness and nausea, worksite modifications including shade and ventilation, 
and clear criteria for when work should be paused entirely. Year-round awareness raising 
on heat-health literacy would complement alert dissemination, since warnings cannot 
prompt protective action in populations that do not recognize heat exposure as a health 
risk in the first place.

At the worksite, SHRAM can anchor a site-level heat response plan. Before the season, 
a contractor can identify high-exposure tasks and designate someone to monitor the 
dashboard and coordinate schedule changes. During the season, the forecast supports 
rescheduling strenuous work to cooler hours, rotating tasks, or suspending high-strain 
activity, with workers protected from penalty for taking required rest or reporting symptoms. 
A daily record of zone reached, measures taken and any heat-related incident then gives 
employers and policymakers a basis for reviewing what worked at the end of the season.

SHRAM currently reports zones calibrated to the Indian reference adult. Potential extensions 
include sex-disaggregated indices and indices calibrated to additional vulnerability factors 
such as age, chronic illness, and prior heat injury, informed by field validation pilots.  
Partnerships with state labor departments, welfare boards, and civil society organizations 
to embed alert delivery and adaptation guidance into existing worker outreach systems 
would be key.
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7.	CONCLUSION

Extreme heat stress threatens health, productivity, and economic growth in India at a 
scale that the country’s current heat governance does not capture. For a population that 
includes roughly 380 million outdoor and heat-exposed workers, much of it concentrated 
in tropical climate zones where high humidity compounds the effect of high temperature, 
heat assessments that rely on dry-bulb temperature alone systematically underestimate 
physiological risk. In the absence of metrics that account for humidity, metabolic load from 
manual labor, and direct solar exposure, heat alerts and public health interventions come 
too late for this large vulnerable population.

The Extended Heat Index (EHI), developed by Lu and Romps (2022), has been shown 
to better capture heat stress in humid tropical conditions than dry-bulb metrics, but it 
accounts only for light activity in shade. EHI-N*, developed by this team, extends the 
framework with calibration to different Metabolic Equivalent of Task (MET) levels and 
inclusion of direct solar exposure. EHI-3 represents heat stress for light activity in shade, 
the general public and indoor workers; EHI-6* represents heavy outdoor labor in direct sun, 
construction workers, agricultural laborers, brick-kiln workers, and street vendors.

Our six-year analysis (April–June 2020–2025) demonstrates that worker heat exposure in 
India is chronic rather than episodic. Every year in the analysis period, 94–96% of the country 
reached EHI-6* Zone 5 or higher, even as dry-bulb severe heatwave coverage swung by an 
order of magnitude. What varies between years is the share of land in uncompensable 
conditions (Zone 6), ranging from 73% in 2022 to 82% in 2024. Across the analysis period, 
EHI-6* identified hazardous conditions in coastal, northeastern, and humid plain districts 
that dry-bulb thresholds, on average, did not classify as heatwave at all (for example Goa, 
the Andaman and Nicobar Islands, Assam, Tripura, and Kerala, almost entirely disjoint from 
those flagged by dry-bulb severe heatwave criteria).

The SHRAM dashboard (System for Heat Risk Assessment for Manual labor) operationalizes 
EHI-N* across over 700 Indian districts, with hourly updates and seven-day forecasts. 
Through SHRAM, state and city disaster management authorities, labor commissions, public 
health departments, and welfare boards can activate protective interventions when EHI-6* 
values reach hazardous levels. Layered dissemination (automated calls, radio, community 
networks) would extend alert reach beyond the digital channels that the most vulnerable 
workers cannot rely on.

Incorporating EHI-N* into heat governance can strengthen protections for outdoor and 
manual workers by aligning early warnings, work advisories, and adaptive measures 
with actual exposure rather than temperature alone. Concrete integration pathways 
exist across multiple levels of India’s heat governance architecture. EHI-N* can serve as a 
complementary worker-protection trigger in state disaster management plans and city and 
district heat action plans, and as the hazard metric for vulnerability assessment under State 
Action Plans on Climate Change. It can trigger worker protections under the VB-G RAM 
G employment guarantee framework and provide the basis for layered wage protection 
combining parametric insurance, welfare board allowances, employer-side liability, and 
disaster-fund-backed relief. When paired with improvements in heat-mortality tracking and 
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reporting, this approach helps in building evidence for better accounting of human costs 
of extreme heat and more effective targeting of public resources. With heatwaves now 
notified as a natural disaster eligible for SDRF and NDRF assistance, the operative question 
becomes what criteria determine when and where that assistance applies. A physiologically 
grounded measure of exposure would direct it towards conditions and workers that dry-
bulb thresholds do not capture. 

Although this paper is grounded in Indian climate and labor conditions, the framework 
has broader relevance. South and Southeast Asia, sub-Saharan Africa, Central and South 
America, and other regions with large outdoor and informal workforces in hot-humid 
climates face structurally similar gaps between dry-bulb heatwave declarations and the 
physiological reality experienced by laboring populations. EHI-N* can be recalibrated 
to local anthropometry, climate, and occupational profiles; the underlying framework of 
physiological grounding, worker-relevant metabolic and exposure scenarios, integration 
with governance is transferable. International occupational standards and climate 
adaptation frameworks would benefit from incorporating this approach.
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APPENDIX A. METHODOLOGY

Modeling framework. EHI-N* tracks the body’s net heat imbalance, Φ. Heat produced 
by muscular work and absorbed from the sun is set against the heat the body sheds by 
breathing, radiation, convection and the evaporation of sweat. When those balance, Φ is 
zero and core temperature holds steady. When they do not, Φ turns positive and core 
temperature rises uncompensably, the condition EHI-N* labels Zone 6. Full equations and 
derivations are in the companion technical report  referenced in Kilic and Gadgil (2026).

Reference body. EHI-N* is calibrated to average Indian adult anthropometry: height 1.65 
m, mass 65 kg, body surface area 1.72 m² (computed via the Du Bois formula). Skin and 
clothing properties are set to shortwave absorptivity α = 0.7 (representative of clothed 
Indian skin tones with light cotton garments, applied when computing absorbed solar load) 
and longwave emissivity ε = 0.97. The reference body intentionally represents a healthy, fit, 
acclimatized worker; the values reported in this paper should be read as a lower bound on 
risk for women, pregnant workers, older adults, undernourished individuals, and those with 
chronic illness or prior heat injury (see Section 4).

Solar radiation. The radiative term incorporates direct, diffuse, and ground-reflected 
shortwave radiation absorbed by clothed skin, and longwave exchange with sky and ground. 
Mean radiant temperature is computed from ERA5 surface radiation fields: surface solar 
radiation downwards, total sky direct solar radiation, surface thermal radiation downwards, 
and surface net thermal radiation. The shaded scenario (EHI-3) excludes solar radiative 
load entirely. The unshaded scenario (EHI-6*) includes full solar load.

Metabolic loads. Metabolic heat generation is parameterized using the international 
Metabolic Equivalent of Task (MET) standard, where 1 MET ≈ 58.2 W/m². EHI-3 represents 
light activity at 3 METs (~175 W/m²), corresponding to the general public and indoor workers. 
EHI-6 and EHI-6* represent heavy manual labor at 6 METs (~350 W/m²), corresponding to 
construction, agricultural, and brick-kiln workers.

Physiological limits. Sweating rate is capped at 2 L/h, and skin blood flow at 7.8 L/min. 
These caps are based on controlled exposure experiments and field studies, referenced in 
Kilic and Gadgil (2026). When these limits are reached, the body cannot increase its cooling 
capacity further; core temperature begins to rise. Zone 6 (uncompensable heat stress) is 
defined as the regime where these limits are reached and steady-state heat balance fails.

Validation. The underlying EHI framework was validated by Lu and Romps against controlled 
human exposure experiments across the survivable temperature-humidity range (Lu and 
Romps, 2022, 2023). Our extensions to higher metabolic loads and solar radiation build on 
this validated foundation. EHI-N* has not yet been field-validated in Indian occupational 
settings.

Data and analysis window. Results in Section 4 are computed from ERA5 hourly reanalysis 
at 0.25° spatial resolution for the pre-monsoon hot season (April through June) across 
six years, 2020 through 2025. For each pixel, the maximum zone reached during working 
hours (06:00 to 20:00 IST) is reported. National statistics are computed over 4,644 land 
pixels.
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