ADDITIONAL FILE 2-Methods Supplement 
Definitions:
Pcadre_year          =Number of HRH cadre personnel present  per 100,000 population in the given year 
                   = Present HRH cadre density per 100,000 in the given year 
Rcadre_threshold = Number of HRH cadre personnel required for 100,000 population using a
                      prescribed threshold
                   = Required HRH cadre density per 100,000 as per prescribed threshold 
Note: Pcadre_year   and Rcadre_threshold are equivalent to ‘P’ and ‘R’ in the manuscript.

Pcadre_year was computed for 49 cadres enlisted in Indian Public Health Standards (IPHS) (1) at rural and national levels for years immediately preceding the release of NHPI - 1982, 2001, and 2016 (i.e. pre_NHPI years). Rcadre_threshold was computed for the same cadres using thresholds prescribed by the Bhore (Health Survey and Development) in 1946 (2) and High-Level Expert Group (HLEG) (3) Committees in 2012.

Calculation of Rcadre_threshold :
The Bhore Committee (2) mentions requirement thresholds for cadres at three health-center levels - primary health unit (PHU), secondary health unit (SHU), and district headquarter (DHQ). The HLEG Committee (3) mentions thresholds for cadres at six health-center levels - subcenter (SC), primary health center (PHC), community health center (CHC), sub-district hospital (SDH), district hospital (DH), and medical college teaching hospital (MCH). In the norms of both committees,
each health-center caters to a particular population and                                              ..(1)
each health-center has a cadre-wise threshold of personnel required.                         ..(2)
Using (1) and (2), a cadre-wise threshold of personnel required for a particular population can be derived and can be standardized for 100,000 population (Tcadre_norms_centre)

In Bhore norms, 
1. A PHU caters 10,000 population, therefore, 
2. A SHU caters 300,000 population, therefore, 
3. A DHQ caters a district, therefore, 
* Note - average district population 

        

In HLEG norms, 
1. An SC caters 3,000 population, therefore 
2. A PHC caters 20,000 population, therefore 
3. A CHC caters 80,000 population, therefore 
4. A SDH caters 1,000,000 population, therefore 
5. A DH caters 1,000,000 population, therefore 
6. An MCH caters 2,500,000 population, therefore 


Considerations and limitations: 
1. In Rphar_bhore, pharmacists include pharmacists and compounders (Bhore) (2). Compounders were pharmaceutical cadre during the peri-Independence era, with 1 or 2 years of qualification in Pharmacy. Compounders are included with pharmacists here as all compounder posts were to be replaced by pharmacists eventually when enough pharmacists become available.   
2. In Rphar_HLEG, pharmacists include allopathic and AYUSH pharmacists.
3. In Rnur_bhore  and Rnur_HLEG nurses include staff nurses, head nurses, matrons, public health nurses, district public health nurses.
4. In Rdoc_bhore and Rdoc_HLEG doctors include both graduates and postgraduates in allopathic medicine. 
5. The Bhore committee did not mention the number of dentists and AYUSH at any center level.  Therefore, RAYUSH_bhore and Rdent_bhore cannot be calculated. 

Calculation of Pcadre_year : 
The absolute numbers of personnel present under each cadre at the national and rural levels were taken from data sources like Five-Year Plan by Planning Commission (FYP-PC) (4), Central Bureau for Health Investigation (CBHI) (5), National Health Profile (NHProfile) (5), Rural Health Statistics (RHS)(6), National Sample Survey Office (NSSO) (7), etc. We also obtained information about the qualification of HRH in the years 2001 and 2016. Refer to the data sources additional supplement for further details.

At the national level,


At the rural level,


Considerations and limitations:
1. The absolute number of ANMs, HAF, pharmacists, AYUSH, and dentists were not available exactly for the year 1982. The closest year with data for ANMs and HAFs was 1985 (data source: 7th FYP_PC) (4) and for pharmacists, AYUSH, and dentists were 1983 (data source: National Sample Survey Office - NSSO 1983) (7). We adjusted the numbers of personnel under these cadres for the year 1982 using the formula for exponential growth.
                                           …….. (3)
Here, Xt =  no. of personnel under a cadre in the year 1985 or 1983, Xo = no. of personnel under a cadre in the year 1982, r=exponential growth rate, and t = time interval between Xt and Xo in years.
For our calculations, r was taken from the ‘Size, Growth Rate, and distribution of Population’ (8) report by the Census of India. 
2. The absolute number of pharmacists was not available exactly for the year 2001. The closest year with data was 2003 (data source: National Health Profile 2005) (9). We adjusted the number of pharmacists for the year 2001 using equation 3. For detailed calculation refer following table. 

	Cadres
	Data available for the year
	Available data
	Data adjusted for  the year
	Adjusted data
	t
	r
	1+r
	(1+r)t
	Adjustment direction
	Source of available data

	ANM
	1985
	80000
	1982
	73273.42304
	4
	0.0222
	1.0222
	1.091801047
	down
	7th plan of Planning Commission

	HAF
	1985
	15000
	1982
	13738.76682
	4
	0.0222
	1.0222
	1.091801047
	down
	7th plan of Planning Commission

	Pharmacists
	1983
	112893
	1982
	110441.2052
	1
	0.0222
	1.0222
	1.0222
	down
	NSSO 1983

	AYUSH
	1983
	170415
	1982
	166713.9503
	1
	0.0222
	1.0222
	1.0222
	down
	NSSO 1983

	Dentists
	1983
	8847
	1982
	8654.862062
	1
	0.0222
	1.0222
	1.0222
	down
	NSSO 1983

	Pharmacists
	2003
	559408
	2001
	538424.2657
	2
	0.0193
	1.0193
	1.03897249
	down
	National Health Profile 2005



3. Absolute numbers of personnel under each cadre in rural areas were not available for 1982. Hence, Pcadre_1982_rural was not calculated. Therefore, 1982 AsD, rural AvD, and rural ApD cannot be calculated.
4. Classification of qualified and unqualified HRH was not available for 1982. Therefore Pqualified and Punqualified, and eventually QD cannot be calculated for 1982. 


Deficit Indices: 
Using Pcadre_year and Rcadre_threshold we calculated deficit indices for four dimensions, Availability deficit (AvD), Accessibility deficit (AsD), Acceptability deficit (ApD), and quality deficit (QD) as given in the manuscript. It should be noted that similarly sized changes in the different deficit indices scale differently with respect to the underlying P values. For instance, AvD changes linearly with P, at a given R-value i.e. for an increase of 10 HRH personnel, AvD decreases by 0.1 assuming R = 100. Linear relationships are present for AsD and Prural , where Pnational decides the magnitude of scaling and ApD and Pcadre where R(Pdoctor/Rdoctor) gives the scaling factor. The relationship between QD and Pqualified is nonlinear for a given Punqualified. The above-mentioned considerations are significant to understanding that same deficit index categories (low, moderate, high, etc.) do not reflect the same numerical changes when compared across the indices. That is to say, moderate AvD for doctors and nurses may not necessarily map to moderate AsD for these cadres.
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