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Baseline numbers, 2020
Baseline numbers were arrived at by linearly projecting the total production and stock numbers as of 2020 (Equations (1) and (2)). For active health workforce, we applied the worker population ratio (WPR) for doctors and nurses(/midwives) separately as estimated from PLFS 2018-19 on the projected population as of January 2020 (Equation (3)). For projection of total production and stock of health professionals and active health workforce up to 2030 we used standard method as discussed in Ridoutt et al. (1). However, we used a range of indicators from India to modify the method for the present analysis purpose.
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Where ‘’ is total production of health professionals in year 2020.  estimated from NHWA 2018 data. Subscript ‘h’ stands for types of health workers (doctors and nurses(/midwives)).  NHWA is NHWA data and ‘s’ is total annual admission of medical students across all institutions in India. 
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Where, S is total stock of health professionals,  are total net migration, deaths and retirement in the year 2020.
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Where HW is the active health workforce, WPR is worker population ratio estimated from PLFS 2018-19 for respective categories of health workers, ‘popl2020’ is projected population as of January 2020.

Projections up to 2030
Total production of health professionals was estimated for each of the year between 2020 and 2030 using the baseline number as presented in equation (1) and annual admission of students in all medical institutions with a five years lag (equation 4). We included estimated pass-outs from all new institutions established or announced to be established up to 2025.
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Where subscript ‘t’ is year of estimation.

Accordingly, total stock of health professionals and active health workers were estimated using equations (5) and (6) respectively, as follows:
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We used a constant net migration and retirement rates for future years as estimated for the year 2020 and allowed a declining trend of death rates from current level of 2.5 to 2.1 up to 2030
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Where OW is health professionals out of labourforce, U is unemployed, and NW is health professionals working in non-human health services. OW, U and NW were estimated from PLFS 2018-19 and was used for the future years up to 2030. We marginally moderated (downward) these rates for the future years with the assumption that these rates may decline in future with growing demand of health workers in general.
Needs and shortages estimation in HRH, 2020 to 2030
In this study, we have used International Labour Organization (ILO) & World Health Organization (WHO) recommended (2,3,4–8) HRH density threshold, 34.5 and 44.5 skilled health worker per 10,000 population respectively, to achieve SDGs (2,3,4–8), for estimating the actual HRH need, shortages and also for estimating the quantum of investment required to meet these HRH thresholds. We have considered doctor: nurse(/midwives) ratio of 1:2 within the overall recommended threshold and using population projection, we estimated the total need and the gaps in stock and active health workforce, segregated by the required number of doctors and nurses(/midwives) respectively. 
Strategies and required investment for overcoming the projected HRH shortages, by 2030
The proposed strategies to increase production of health professionals and the required investment to bridge the existing and potential gaps in HRH by 2030 are based on alternative scenarios of a combination of increased utilisation (pass-out from existing institutions) of existing seats in nursing institutions, intake capacity (expansion of seats), opening of new medical and nursing colleges and encouraging out-of-workforce health professionals to join health workforce (Table 1). 
The required investment was estimated by multiplying the unit cost of opening new institutions and/or expanding the existing seat capacity of institutions by number of institutions/seats required. We estimated unit costs of opening new institutions by dividing total government budget allocation for opening new institutions  by number of new institutions separately for medical colleges and nursing institutions (9,10). Unit cost of seat expansion was estimated as total budgetary allocations in existing colleges divided by total number of seats in those colleges (11,12,13). The estimated unit costs were further discussed with experts and government personnel and were adjusted for including private sector institutions.
The proposed different scenarios represent different bounds of investments: 1) lower bound, to overcome the projected shortages in total stock 2) upper bound, to overcome the projected shortages in active health workforce. and 3) middle bound, by reducing at least 50% of the existing labour market attrition by 2030. Two alternative scenarios are also presented as i) if all proposed seat expansion is considered only in government institutions and ii) if indigenous medicine (Ayurveda, Yoga, Unani, Siddha and Homeopathy [AYUSH]) practitioners considered as a part of total health workforce.
Benefits of investment in HRH
Although investments in health, including health workforce, have multiple benefits within and beyond health sector, we only estimated a limited benefit of such investment in terms of employment generation (eq. 7) and its contribution to national income (eq. 8). Total additional employment for the year 2030 was estimated by adding potential additional employment of ‘support staff’ and ‘health associates’ based on previous study estimates (14). The health associates include dieticians and nutritionists, optometrists and opticians, dental assistants, physiotherapy associates, pharmacist assistants, occupational therapist and so on. The support staff includes ambulance drivers, professionals, garbage collectors, cashiers, clerks, mechanics, finance personnel and others (14). 
Increased Employment 
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Where,  is additional number of all workers employed in health sector by the year 2030  are additional health workforce (doctors and nurses(/midwives)), support staff and health associates respectively in the year 2030 due to the enhanced investment. 
 
Contribution to national income
The labour productivity in health sector for the year 2019 was estimated as follows:
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Where  is labour productivity of health sector workers and is gross value added in health sector in 2019 at current prices.

Finally, total benefits of enhanced investment in health workforce was estimated as total contribution to gross value added by new employment because of the enhanced investment as follows: 
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Where  is changes in gross value added in health sector and is additional employment because of the enhanced investment.
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