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Executive Summary 
Human Resources for Health in 2030 (HRH2030) is a United States Agency for 
International Development (USAID) flagship program for human resources for 
health. 
With support from the President’s Emergency Plan for AIDS 
Relief (PEPFAR), HRH2030 helps LMICs develop the health 
workforce needed to prevent maternal and child deaths, 
support the goals of Family Planning 2020, control the 
HIV/AIDS epidemic, and protect communities from infectious 
diseases. Under Activity 2.1, the HRH2030 program created a 
new econometric model - the Comprehensive HRH 
Assessment, Modeling, and Planning Solution (CHAMPS) - to 
measure the impact of economic, epidemiological, and 
demographic (EED) transitions on the human resources for 
health (HRH) labor market (including physicians, 
nurses/midwives, and community health workers or CHWs). 
The project approached this research question through three 
activities to inform and build the model, including: 1) a 
comprehensive literature review, 2) the development of a 
conceptual framework, and 3) the construction of an 
econometric model. 

CHAMPS estimates demand and supply as two independent 
economic forces driving the health labor market. Projections 
were created from the estimated coefficients from demand 
and supply indicators through a unique approach, which 
assumes the growth rate of physicians, nurses/midwives, and 
CHWs may not be constant over time. CHAMPS is built on 
data available from internationally recognized reputable 
sources from all 84 LMICs between 1990 and 2016.  

CHAMPS found that economic, epidemiological, and 
demographic factors all influence both the demand and supply 
of health workers in LMICs, demographic trends (such as 
death rates and life expectancy), are the largest signals for 
HRH transformation. In addition, GDP and OOP per capita, 
as well as the change from infectious diseases to 
cardiovascular diseases, also have a strong influence on the 
demand of HRH. The Ghana country example shows that 
additional factors, such as the introduction of the national 
health insurance scheme, also have an impact on the demand 
for health workers.  

CHAMPS projects that an estimated shortage of 4.4 million 
health workers in LMICs in 2020 will increase to a shortage 
of 5.9 million health workers by 2030 (see the table below for 
details). This is in sharp contrast previous labor market 
projection methodologies that project an estimated shortage 
of 3.7 million health workers by 2030 for a group of countries 

similar to those included in our new model, which is about 
2.2 million lower than our model predictions for LMICs. Even 
though the shortage predicted by our new model is 
substantially larger because of a much more conservative 
supply estimate, this gap is based on overall much lower 
health worker demand and supply estimates for 2030 derived 
from our new model, which are more realistic given 
governments’ fiscal space in LMICs.  

We are confident in the robustness of our estimates, because 
the new HRH EED demand/supply model incorporates the 
combined effect of economic, epidemiological, and 
demographic transitions instead of addressing them separately 
as in previous models. In addition, our new model includes 
other important factors such as the role of technological 
advances as well as changes in the organization of health care 
delivery, all of which are likely to affect the demand for 
different types of health workers. The new HRH EED 
demand/supply equations provide a model with improved fit 
and predictive capabilities, as well as adaptability to a wide 
range of policy analysis. Our approach improves HRH 
projections by addressing the limitations of previous models 
without compromising efficiency.  

Moreover, our estimation focuses on a sample of 84 LMICs 
(11 LMICs for the CHW analysis), which form a more 
homogenous group than the 165 countries included in the Liu 
et al. Labor Market Projections from 2017. The 2.2 million 
higher health worker shortage in LMICs for 2030 projected 
by CHAMPS should be more accurate than the estimates Liu 
et al., because of our more comprehensive demand estimates, 
the inclusion of more HRH data and more conservative 
supply side estimates. Data used in CHAMPS suggest that 
LMICs are likely to experience economic growth, a shift from 
infectious to non-communicable disease patterns, and an 
aging more urban population, which will generate substantial 
demand for physicians, nurses/midwives, and CHWs that 
LMICs can only adequately meet if they increase in supply of 
these health workers substantially. However, results from 
CHAMPS suggest that increasing the number of health 
workers alone is not sufficient to satisfy health care needs, 
but governments must also adapt the skills mix and 
distribution of the health workforce to changing disease 
patterns and population dynamics.  
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For the first time, this new HRH EED demand/supply model 
enables country-specific HRH projections using national or 
subnational data, which should produce more realistic 
estimates and lead to more feasible HRH policy options 
within a country’s resource and political context. Applying 
CHAMPS to data from Ghana projected a shortage for 2030 
that is significantly lower than estimates derived from Liu et 
al. Labor Market Projections. The Ghana country example 
also shows that additional factors, such as the introduction of 
the national health insurance scheme, have a significant impact 
on the demand for health workers.  

CHAMPS is a unique tool from the global perspective to 
measure the impact of EED transitions on health labor 
market projections in the medium to long-term future. At the 
individual country-level, the model can be tailored based on 
locally available data to incorporate additional factors and/or 
disaggregating the results to the sub-national level, which 
would greatly enhance the responsiveness of the model to 
the national context, which was not possible at a global level 
due to data limitations.  An illustration of this potential has 
been done for Ghana, which begins to explore how CHAMPS 
can be further developed to better assist decisionmakers and 
planners at the country-level in addressing future HRH 
demand and supply. 
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I Background and Purpose 
At current trends, by 2030 the global imbalance between demand and supply for 
human resources for health (HRH) is estimated to reach around 18 million.1

The imbalance will be larger in LMICs where both demand 
and supply of health workers are expected to fail to meet 
population health needs. Demand is defined in terms of labor 
market dynamics and employers seeking health worker 
employees to provide health services. Supply of health 
workers is defined in terms of education institutions 
producing health graduates who are fit to practice.2 However, 
these static global estimates do not provide insight into how a 
country’s health workforce needs change in response to an 
ageing population, a growing burden of chronic diseases, and 
tight constraints on health budgets.  

To better support countries in closing the gap, a better 
understanding is needed of how countries’ economic, 
epidemiologic, and demographic (EED) transitions affect the 
medium- to long-term demand and supply of health workers 
in LMICs. This study’s focus is on the sensitivity (elasticity) of 
demand and supply of health workers needed to deliver 
health care to the global population change in response to 
these factors, which affect the balance of the health labor 
market. In a competitive dynamic labor market, imbalances 
disappear faster with increasing demand and supply elasticity 
and can create market clearance as demand and supply 
efficiently come together. However, a static, or even growing, 
HRH imbalance occurs with inelastic demand and supply. For 
example, a static imbalance occurs if wage adjustments 
respond slowly to shifts in demand or supply due to a 
country’s institutional and regulatory arrangements; imperfect 
market competition; wage control policies; long lag time 
between the demand and supply for HRH in education and 
deployment; and lack of information on the state of various 
labor markets.3 Understanding the trends in supply and the 
elasticities of demand of HRH in response to EED transitions 
will help inform policy making and planning at the global, 
regional and country level to improve the health labor 
market’s responsiveness and flexibility, and ultimately achieve 
a fit-for-purpose health workforce in LMICs.  

 

 
1 Cometto et al., 2016 
2 Cometto et al., 2016; Ono, Lafortune and Schoenstein, 2013 
3 Cometto et al., 2016; Zurn, 2004 
4 Cometto et al 2016 
5 Cometto et al 2016, Araujo et al 2016 

What are EED transitions? 
Economic transitions are changes in long-term economic 
growth and is mainly driven human capital accumulation, 
technological progress and capital stock.4 Demand and supply 
of the health workforce are affected by economic transition 
through factors such as household income (i.e. the ability of 
consumers to pay for health services), and the fiscal capacity 
of the government to support the health system and employ 
public sector workers. As the economic capacity and needs 
of the population grow, so will the demand for health 
workers.5 

Epidemiological transition refers to the complex shift in 
health and disease patterns embedded in a sequence of 
concurrent changes in population health. As a country 
modernizes, rates of infectious diseases decrease over time 

Operational definitions defined by WHO:  

Demand: “The number of health workers that the 
health system (both public and private) can support in 
terms of funded positions or economic demand for 
services. Demand correlates with the economic 
capacity of a country, with higher level of resource 
availability resulting in greater demand for health 
services and thus for health workers to provide them.”  

Supply: “The number of health workers that are 
available in a country.” Future supply can be estimated 
taking into account a variety of parameters, including 
education capacity, attrition, and retention.” 

Source: Cometto et al., 2016 
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while non-communicable diseases increase over time.6 
Epidemiological transitions primarily impact the demand of 
health workers because they define the needs of the 
population. 

Demographic transition is the decline from high to low rates 
of mortality and fertility that is expected to occur in a society 
during its transformation from traditional to highly 
modernized state.7 Mortality and fertility rates are influenced 
by the reduction of epidemics through vaccinations or better 
hygiene; improved diagnosis and treatment of disease; 
reduction of famine; fewer deaths from violence and civil 
wars; reduction in infant and child mortality; and improved 
standards of living, as well as urbanization, economic 
development, cultural change, and behavioral change. 8  

Approach 
The HRH2030 program created and employed a new 
econometric model, the HRH EED demand/supply model, to 
comprehensively examine the pertinent dynamics of a 
transitioning country. While there are many models that 
focus on two of the three EED factors when modeling 
workforce demand, none have comprehensively modeled the 
impact of economic, epidemiologic, and demographic 
transitions together on the HRH labor market.9 Providing all 
three EED factors takes into account the complex, 
interwoven relationship between these types of transitions, 
which will provide a unique insight into which indicators have 
the most influence on demand and supply of health workers. 
This model builds upon existing tools that were created for 
similar purposes to be able to forecast the demand and 
supply for HRH as countries move through their EED 
transitions. As explained in greater details in Annex H, the 
additional EED information that we include in our model 
specification improves upon existing models by offering 
better predictive capability without losing efficiency. It also 
provides an empirical basis to explore more nuanced and a 
wider range of HRH policy options, especially by applying 
CHAMPS at country level. 

A conceptual framework and a dynamic econometric model 
were created to project the optimal health workforce 
composition for a medium- to long-term planning period in 

 

 

6 Omran 2005 
7 Defo et al 2016 
8 Defo et al 2016 
9 See Annex B for list of studies 

LMICs. CHAMPS used baseline workforce data, EED trends, 
and demand and supply elasticity functions to project health 
workforce demand and supply overall.  

While this ‘global’ model focuses broadly across LMICs, we 
will also demonstrate the utility of this model at a country-
level, in order to contextualize global trends and improve 
decision-making for policy makers in the health sector. 
Country-specific modeling can be used for HRH decision-
makers to anticipate the optimal health workforce 
compositions to inform skills mix projections in the medium- 
to long-term. Policymakers will be able to use CHAMPS to 
investigate their country’s health workforce composition as 
economies grow, disease burdens shift, and populations age, 
taking into account the effects of complementarity and/or 
substitution effects (such as task shifting), technological 
advances, and wages. This analysis is possible only for a 
specific number of countries for which there are sufficient 
reliable data to incorporate our key indicators in the panel 
data setting required by our model.10 Later stages of this 
research will include modeling for USAID-priority countries 
that have enough data to inform HRH policies.  

To illustrate the country-level application of CHAMPS, we 
estimate a demand model and a supply model for health 
workers in Ghana, taking into account other factors specific 
to the Ghanaian context that do not necessarily pertain to 
other LMIC countries. A limitation of the country-level 
application, as opposed to the global analysis, is the inability 
to use factors that are constant across countries to remove 
possible omitted variable bias, or unobserved heterogeneity, 
by measuring changes within groups across time. However, if 
subnational level data would become available, then one could 
specify a similar within-country panel data model that would 
identify health worker demand and supply at regional level in 
a country while solving these potential biases. 

In this research, the econometric model will use the medium- 
to long-term timeframe for analysis (7 to 15 years). Short-
term shocks, such as disease outbreaks like the Ebola virus, 
disasters such as the 2004 Indian Ocean tsunami or the 2015 
Nepal earthquake, or war and violence, are impossible to 
model and are better addressed through emergency response 
planning, rather than long-term policy recommendations.  

10 We used statistical criteria to decide whether sufficient 
data were available to meet the requirements of our model 
specification. Therefore, the availability of sufficient data as 
required by our econometric model determined which LMICs 
were included in our analysis.  
 

https://sites.google.com/site/kanikasachdeva2406/home/omran-s-epidemiological-transition-theory-basics
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Our methodology proceeds in three main steps that can be 
summarized as follows:  

Step 1: Literature review that allows us to explore 
existing HRH planning/projection models and methods as well 
as their application effectiveness, define variables for 
consideration that describe the interaction of EED transitions 
on health workforces, and contextual factors that enable or 
constrain HRH development.  

Step 2: Conceptual framework that describes and justify 
the econometric model adopted to estimate the demand and 
supply model and make HRH projections. It shows how the 
main indicators relate to each other, taking into account the 
availability and reliability of relevant data from LMICs, as well 
as the limitations of the proposed framework.  

Step 3: Econometric model which used a data analysis 
plan to estimate the model based on the conceptual 
framework and relies on available data and account for 
potential endogeneity and multicollinearity among the 
variables included. Results are presented and discussed, and 
HRH projections are computed for different EED scenarios. 
 

II Literature Review 
Methodology for literature review 
A literature review was first conducted to identify the key 
variables that measure EED transitions, HRH indicators, and 
other contextual factors that have a direct impact on the 
elasticity of health workforce demand and supply. HRH 
demand-side indicators included current and projected 
utilization rates, population growth, demographic transitions, 
case burdens by health and disease areas, and estimates of 
need for health services compared with actual utilization. Key 
HRH supply-side indicators included current and optimal 
cadre mix, vertical substitution and/or complementarity 
effects (such as task shifting), and wage dynamics constraints.  

The objectives of the literature review were to: 

 Rapidly assess existing frameworks and tools that were 
created for similar purposes to be able to forecast the 
demand and supply for HRH as countries move through 
their EED transitions 

 Adopt a health labor market framework that will guide 
the development of an econometric model and key 
variables 

 

 
11 Sousa 2013 

 Define variables for consideration that describe the 
interaction of EED transitions on health workforces, 
contextual factors that enable or constrain HRH 
development, and existing HRH projection models and 
their application effectiveness 

 Collate available data sources to be used in the model 
creation 
 

For a more detailed description of the literature review 
methodology, refer to Annex B.  

Results of literature review 
The literature review focused on two parts – first, on 
literature used to guide and frame the conceptual framework, 
and second, on HRH projection studies, from which we 
extracted econometric modeling techniques, relevant 
indicators, and data sources.  

While many of the studies created their own conceptual 
framework for HRH modeling, the most widely used was the 
Integrated Health Labor Market (HLM) framework.11 The 
HLM framework takes an economic approach to modelling 
the dynamic labor market and its response to changes in the 
demand and supply of health workers, in which demand and 
supply are the primary components of the HLM framework. 
These dynamics determine wages and other compensation, 
the number of health workers employed, and the geographic 
and sectoral location of their employment.12  

While this framework is comprehensive, the implementation 
of its model was limited, specifically concerning technological 
advances, task-shifting, and wage elasticity which do not have 
straightforward indicators for analysis. CHAMPS uses the 
basis of the HLM framework to conceptually understand the 
dynamics of the health labor market.  

Table 1 below shows other conceptual frameworks found 
throughout the literature. 

Unlike the abovementioned existing approaches, by 
incorporating a broader range of EED factors and assessing 
their effect on health worker demand simultaneously, our 
new HRH demand model significantly improves the predictive 
capability without compromising efficiency. This makes the 
model more suitable to explore a wider range of HRH policy 
options in response to specific EED factors. Of course, 
results from our new HRH demand model need to be  

 

12 Sousa 2014 
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considered together with other critical information such as 
governments anticipated fiscal space to inform HRH policies. 

Many econometric models used various methods to estimate 
and project supply of HRH. Some models use pure time 
series techniques on historical supply data (which include the 
exponential growth model, moving average, and 
autoregressive integrated moving average (ARIMA), etc.). The 
exponential growth rate model is the simplest and the most 
popular model used in the literature, presumably because it 
requires the least amount of data.13 Table 2 gives a summary 
of existing econometric modeling approaches for projecting 
supply. 

Liu et al 2016 and Scheffler 2008 use a supply projection 
model that uses historical growth of physicians per capita in 
each country. They projected the future supply of physicians 
and nurses/midwives per 1,000 population for each country 
between 2013 and 2030, based on historical trends via a 
simple linear projection. The underlying assumption is that 
growth rate of physicians and nurses/midwives will remain 
constant over time for each country so that the supply will  

 

 

 

 
13 Scheffler 2008 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

keep growing at the historical trend. However, most 
populations are constrained by limitations on resources, both 
in the short-term as well as medium- to long-term. In fact, an 
admitted weakness in Liu et al. (2016) is that long horizon 
projections of supply obtained from their linear trend curve 
were found to be too large in many countries and needed to 
be addressed in an ad-hoc way. CHAMPS addresses this 
weakness by considering a nonlinear trend curve for supply 
projections, as explained in the following section. 

The literature review was also used to extract utilized 
demand and supply indicators and their data sources, found in 
Table 3. These indicators were used as a guide for the 
creation of CHAMPS but were not necessarily used. A 
complete list of indicators used by CHAMPS can be found in 
Section III: Methodology.  

Further details about how CHAMPS improves on existing 
ones are given in Annex H. 

 

 

 

 

TABLE 1 CONCEPTUAL FRAMEWORK EXAMPLES FOUND IN EXTERNAL LITERATURE 
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TABLE 2 EXISTING ECONOMETRIC MODELING APPROACHES FOR PROJECTING SUPPLY 

 

TABLE 3 EED DEMAND-SIDE INDICATORS AND SOURCES FOUND IN EXTERNAL LITERATURE 
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III Methodology 
This study proposes a new methodology to determine 
demand and supply that incorporates EED transitions in 
medium- to long- term. Unlike earlier econometric models 
projecting demand and supply for HRH, this study also 
includes the effects of complementarity and/or substitution 
and technology advances and other contextual factors within 
each country. The demand and supply curves are first 
estimated as two independent economic forces driving the 
health labor market, using a standard linear simultaneous 
equations model, but with a fixed country effect in every 
structural equation. This provides opportunities to apply 
panel data econometric methods that are used in causal labor 
market analysis and enables the application of random and 
fixed effects models that can control for fixed, but 
unobservable, factors. These estimates are then used to make 
projections for HRH.  

The key dependent variables in both the demand and supply 
equations are health worker densities (per 1,000 population). 
By estimating demand and supply curves for health workers 
separately we do not assume that demand and supply of 
health workers are in balance. In this approach independent 
market forces can drive demand and supply, therefore 
allowing for labor market imbalances. According to the 
needs-based approach found in the literature, health worker 
densities demanded reflect the number of health workers 
that would be required to reach a desired benchmark of 
service utilization.14 Therefore, models for physicians and 
nurses/midwives are separately estimated.15 However, unlike 
the models found in the literature, CHAMPS uses 
independent regressions to account for complementarity 
and/or substitution effects (such as task-shifting) between 
these categories of workers. 

This model includes two analyses: first, a LMIC model which 
includes the densities of only physicians and nurses/midwives, 
and second, a restricted LMIC model which includes 
physicians, nurses/midwives, and CHWs. These two analyses 
were differentiated due to the limited data availability of the 
CHW dataset. The restricted LMIC model includes only the 
11 countries which have data on the density of CHWs.  

In addition, a country-level analysis has been added to further 
identify the trends and potential policy implications of this 
econometric model. 

 

 

 
14 WHO 2006, Scheffler et al. 2013 

Data collected 
Table 4 below shows the list of indicators that were 
collected for initial descriptive analysis. See Annex D for a 
complete list of the sourcing information for each indicator. 
The data used in for the econometric modeling primarily 
comes from secondary global databases from international 
organizations, including: 

 World Bank World Development Indicators (WDI) 
database 

 World Bank World Governance Indicators WHO Global 
Health Observatory data repository  

 Institute for Health Metrics and Evaluation (IHME) Global 
Burden of Disease study 

 International Labor Organization (ILO) database 
 United Nations Population Division – Revision of World 

Population Prospects 2017 
 
These data range from 1990 to 2016 and cover 84 LMIC 
countries across all continents (see Annex C for list of 
countries). Data from 1960 to 1990 was extracted but was 
found to be too limiting for analysis.  

 

 

 

 

15 Liu et al. 2016, Scheffler 2008 

Per WHO definition: 

Physicians: “Generalists and specialist medical 
practitioners.” 

Nurses and midwives: All “professional nurses, 
professional midwives, auxiliary nurses, auxiliary 
midwives, enrolled nurses, enrolled midwives, and 
other associated personnel, such as dental nurses and 
primary care nurses.”  

CHWs: “Include various types of community health 
aides, many with country-specific occupational titles 
such as community health officers, community health-
education workers, family health workers, lady health 
visitors, and health extension package workers.” 

Source: World Health Organization’s Global Health Workforce Statistics 

 

   

     
 

      
     

      
        

    

       
      

      
       

      

        

https://data.worldbank.org/products/wdi
https://data.worldbank.org/products/wdi
http://info.worldbank.org/governance/wgi/#home
http://apps.who.int/gho/data/node.home
http://apps.who.int/gho/data/node.home
http://ghdx.healthdata.org/gbd-2016
http://ghdx.healthdata.org/gbd-2016
http://www.ilo.org/global/statistics-and-databases/lang--en/index.htm
https://esa.un.org/unpd/wpp/
https://esa.un.org/unpd/wpp/


13 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Data limitations  
A primary limitation of this study was the availability of 
relevant EED indicator data across all L/LMICs between 1990 
and 2016. In total approximately 35 percent of identified 
potential indicators were excluded from the analysis due to 
availability. In addition, multicollinearity emerged as a serious 
issue during the analysis phase. Fifteen percent of identified 
potential indicators, including fertility rate, birth rates, all 
immunization indicators and many disease incidence 
indicators, were dropped due to collinearity and a further 10 
percent dropped based on goodness-of-fit statistical tests. 
These limitations therefore played a substantial role in the 
development and analysis of these results presented below 
Table 5 lists indicators that were not included in the model, 
as well as the reason for its rejection.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The main issue with the data is missing values. Missing data 
present various problems for the study. Firstly, they reduce 
the statistical power of the study, that is, the probability of 
rejecting any null hypothesis to be tested when it is false, 
therefore leading to invalid conclusions about significance or 
inference (e.g. significance testing, specification testing, etc.). 
Secondly, missing data can cause biases in the estimation of 
parameters by reducing the representativeness of the 
samples, especially if the proportion of missing data is large. 
Thirdly, with a large amount of missing data, imputation 
methods become more complicated and forecasted values 
become less reliable.  

 

 

 

 

 

TABLE 4 COLLECTED INDICATORS FOR INITIAL DESCRIPTIVE ANALYSIS 

*Denotes indicators used in the final econometric model. See Table 5 for reasons for exclusion for the other indicators. 
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TABLE 5 LIST OF INDICATORS NOT USED IN THE MODEL, INCLUDING REASON FOR REJECTION 
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For LMICs, a balanced panel would imply a total of 2,268 
observations.16 However, only less than half of the data were 
fully exploitable. Various methods of imputation were used 
depending on the nature and type of data, including:  

 Interpolation (linear and nonlinear) 
 Matching (or hot-deck) 
 Iterated imputation regression 
 Mean imputation 

 
No extrapolation or retropolation were performed at this 
stage.17 

 

 
16 Number of countries in the sample (n=84) multiplied by the 
time horizon from 1990 to 2016 (n=27). 
17 Retropolation was not done, nor was needed. as only the 
1990-2016 range of data were ultimately used. Extrapolation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Missing data points for physicians and nurses/midwives per 
1,000 population were linearly interpolated between any two 
real data points. The resulting dataset of physicians and 
nurses/midwives per 1,000 population, which accounts for the 
data outliers and with interpolated values, were used for both 
worker demand and supply projections.  

For countries where historical data for explanatory variables 
were completely missing, mean yearly values for the specific 
World Bank region and income group combination to which 
the country belonged were substituted.  

was done at a later stage to perform the demand and supply 
projections.  

TABLE 6 AVAILABLE OBSERVATIONS AND IMPUTATIONS OF MODELED INDICATORS 
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Estimating the model using these imputed data does not 
impact the elasticities; their magnitudes remain unbiased, as 
long as the model is correctly specified and the assumption 
underlying imputation (e.g. MAR, MCAR, MNAR) are 
satisfied. However, because the imputation does not reflect 
the uncertainty about the predictions of the unknown missing 
values, the resulting estimated variances of the parameter 
estimates may be biased toward zero.18  

Given the pervasiveness of missing data, it is necessary to 
document how much data are available per indicator, and 
how much are being imputed. Table 6 below shows the 
indicators collected for our model, with the number of 
available observations and the number of imputations. 

Finalized demand-side indicators 
Once descriptive analytics were done to the collected data, 
and those that did not have enough data were rejected from 
the model, we hypothesized the effect the included indicators 
would have on the elasticity of demand. Table 7 shows each 
of the EED variables used in the demand-side equation of 
CHAMPS as well as the hypotheses.  

 

 

 

Variable Hypothesis 

Economic 

GDP per capita 

Previous research indicates that GDP 
or national income are the best 
predictors of health expenditures, of 
which labor is the main driver19 

The overall economic growth is 
expected to drive demand for health 
care with a positive elasticity as a 
normal good. Indicators of economic 
growth have been found to determine 
health worker employment and have 
previously formed the fundamental 
building blocks of forecast estimates 
of health workers demand. 

OOP per capita 
Since in most LMIC countries there is 
no universal health insurance, most of 
the household health expenditures are 

 

 
18 Yuan 2005 

Variable Hypothesis 

out-of-pocket. This variable therefore 
reflects the willingness to pay for 
health care in the absence of 
insurance. In countries where health 
insurance exists, this variable measures 
the generosity of health insurance 
coverage within a given country. As 
such, higher OOP payments are 
expected to be associated with lower 
demand for health workers per capita, 
everything else equal. 

Access to 
electricity 

While within a country, access to 
electricity is rather more related to 
household wealth and urban residency, 
from a cross-country perspective, 
evidence shows that countries with 
better access to electricity also have 
better access to technology. This 
positive correlation makes access to 
technology a useful proxy for 
technological advances. Hypothesize 
that increased demand as access to 
electricity increases. 

Used as a proxy for technological 
advances  

Epidemiologic 

DALYs 

Arrives at the need for health workers 
based on a weighted average of various 
health system outcomes. Hypothesize 
that demand will increase as DALYs 
increase.  

CVD incidence 

As countries transition 
epidemiologically, it is shown that 
infectious disease rates decrease while 
rates of CVD increase. Hypothesize 
that this will increase demand for 
health workers.  

Malaria incidence 
Will account for communicable disease 
burden that is expected to positively 
affect the demand for health workers 

19 Cooper et al. 2003, Getzen 1990, Newhouse 1977, Plaff 
1990 

TABLE 7 LIST OF DEMAND-SIDE VARIABLES WITH 

INCLUSION HYPOTHESIS 
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Variable Hypothesis 

HIV incidence 
Will account for communicable disease 
burden that is expected to positively 
affect the demand for health workers 

Demographic 

Life expectancy 
at birth 

Life expectancy specifically has been 
measured to have significant impact on 
HRH. Around one quarter of 
economic growth between 2000 and 
2011 in LMIC resulted from the value 
of additional life years gained by 
improvements to health. Other studies 
additionally found that life expectancy 
had a direct positive impact on per 
capita GDP growth.20 

Death rate per 
1000 people 

Mortality rates tend to initiate the 
transition process and are considered 
the most influential factor of fertility 
decline. i Therefore, a positive effect 
on demand of health workers is 
hypothesized.  

Frac. urban 
population 

In addition, the dual transition of both 
mortality and fertility can be influenced 
by urbanization. 

Frac. population 
aged 65+, frac, 
population aged 

15-64 

This indicator is included to account 
for the demographic effects of 
population aging and ensuing demand 
for health care services utilized at 
older ages.21 Driven by lower adult 
mortality, demographic transitions, 
particularly of rapidly aging populations 
will place additional pressure on health 
care services for the elderly 

mCPR 

This indicator is used to assess the 
role that family planning programs play 
on the demand for health care 
services.   

 

 

 

 
20 Bloom et al 2011, Lauer et al 2017 
21 Cooper et al. 2002  
22 Liu et al. 2016, Scheffler et al. 2011 

Econometric modeling 
Demand model estimation and projection 
CHAMPS incorporates two independent models, one for 
demand and one for supply. The demand-side model expands 
on previous econometric models for estimating physician and 
nurses/midwives numbers by including factors in addition to 
economic growth that are expected to influence demand for 
health workers, such as population demographic structure 
and epidemiologic factors.22 Indicators for 
substitution/complementarity effect and proxies for 
technological advances are also included.  

CHAMPS also goes beyond other HRH models by including 
factors that change health employment patterns, including: 1) 
substitution/complementarity effect, 2) technological 
advances, and 3) wages. While the former (i.e. 
substitution/complementarity and technological advances) 
where more successfully included, wages where tested but 
ultimately dropped from the model due to multicollinearity 
issues, as explained below under key issue three. 

KEY ISSUE 1: ACCOUNTING FOR TASK SHIFTING 
EFFECTS THROUGH 
SUBSTITUTION/COMPLEMENTARITY ANALYSIS 

Task shifting is an important dynamic of the health labor 
market that has not been addressed previously in literature.23 
Task shifting occurs when health workers with lesser training 
and lower salaries take over tasks from higher qualified and 
paid cadres without compromising quality, but substantially 
lowering unit costs per service and freeing up time for the 
latter to take on other tasks. Since nurses are paid less than 
physicians, this task shifting increases the demand for nurses, 
increasing their wages and the number of nurses employed. 
However, given that in LMICs there is often an excess 
demand for physicians’ labor, this does not necessarily 
translate into a fall in physicians’ wages. Moreover, the health 
labor market is often regulated by the government or lacks 
transparency, causing wages to either not adjust or take a 
long time to adjust.24  

It is difficult to estimate the effect of task-shifting directly in a 
regression model with the data available. Instead, factors that 
capture the substitution/complementarity effect between 
physicians and nurses were included in the analysis. Then the 
magnitude of the estimated substitution was examined to 

23 Ferrinho et al. 2011, Fulton and Scheffler 2009; Fulton et al. 
2011 
24 Scheffler et al. 2016 
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understand whether this suggests the existence of task-
shifting. 

To estimate this substitution/complementarity effect, lagged 
values of the number of physicians are introduced as 
additional explanatory variables on the demand-side model in 
the nurses/midwives equation. The estimated coefficient 
measures the average increase in the demand of nurses when 
the number of physicians needed drops by one unit, ceteris 
paribus (see Annex E for equations).  

KEY ISSUE 2: FINDING A PROXY FOR 
TECHNOLOGICAL ADVANCE  

Technology change is also a major factor in health care 
employment patterns. Studies by McPake et al. 2013 and 
Schumacher 2002 show evidence that technological change 
has increased the demand for more highly skilled and 
specialized workers, resulting in higher returns to schooling 
for these categories of health workers and producing a 
skilled-bias movement in health care sector employment. In 
LMIC countries, data on technology advancement are 
unavailable.  

Therefore, to overcome this difficulty, a proxy variable 
related to the percentage of the population with electricity 
coverage, that does not directly measure medical technology 
advancement but is assumed to be correlated, was used.25  

The system of equations will be fitted through the generalized 
method of moments (GMM) estimation. Estimated 
coefficients from the regression model will be interpreted as 
estimated elasticities and will play a key role for the 
projection of demand (see Annex E for equations). 

KEY ISSUE 3: REVERSE CAUSALITY OF WAGES 

Wages are endogenous, meaning while wages affect the 
supply of health workers (i.e. the higher the health worker’s 
wages, the higher the incentives that people will engage in the 
health profession), the supply of health workers also affect 
wages (the higher the supply of labor, the lower the price of 
labor). This reverse causality issue generates a bias in the 
associated elasticities from a classical regression if wages are 
directly included in the equation. The same issue holds for 
the demand equation. 

A solution is to use an instrumental variables approach. Using 
instrumental variables means finding a variable that can only 
affect supply through wages (exclusion-restriction) and then 

 

 
25 Mobile ownership was initial considered in the analysis, 
however mobile technology entered most of the LMIC 
countries only in the early 2000s and data on this ownership 
started became available only in the late 2000s in most 

run a two-stage least squares (2SLS) regression (see Annex E 
for equations). 

It is well established in the literature on the politics of the 
minimum wage that politicians might favor or oppose 
minimum wage increases depending on the overall 
macroeconomic performance in each region.26 A similar 
argument can be used in the HRH transition methodology in 
support of the below political variables, selected to be 
included in the wage regressions but are not expected to 
affect the demand/supply directly: 

 Political stability  
 Government corruption/effectiveness 
 External debt 
 Participation in the IMF structural adjustment 

programs 
 
However, the wage variable turned out to be strongly 
collinear with all the demographic variables (even after 
parceling out the potential endogeneity using instrumental 
variables) and was hence dropped. Generally, there is a fair 
amount of correlation between wages and demographic 
variable. For example, people with higher wages can afford 
better health care, better living standards and may therefore 
live longer; this means that at a cross-country level, wage 
rates are correlated with life expectancy, death rate, fraction 
of population 65+, all of which are already included in the 
model. Potentially additional data points can create more 
independent variability and help solve the issue. More analysis 
and more data are needed to include wage in the demand-
side model.  

Demand model empirical specification 
Ideally, three equations for the demand side of CHAMPS 
would be used: one for physicians per 1,000 population, one 
for nurses/midwives per 1,000 population and one for CHWs 
per 1,000 population, with time-varying exogenous variables. 
Lagged endogenous variables and time-invariant exogenous 
variables are excluded from this analysis. In addition, a 
possible cross-equation dependence was assumed between 
these equations. 

The economic model specifies joint physician, 
nurses/midwives and CHW densities (dependent variables) as 
follows: 

countries. Therefore, not enough data was available to 
perform a rigorous global analysis with this indicator. 
26 Card and Krueger 1995 
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𝑦𝑦𝑖𝑖𝑖𝑖1 = 𝑋𝑋𝑖𝑖𝑖𝑖′ 𝛼𝛼1 + 𝑍𝑍𝑖𝑖𝑖𝑖′ 𝛽𝛽1 + 𝑊𝑊𝑖𝑖𝑖𝑖
′ 𝛾𝛾1 + 𝜇𝜇𝑖𝑖1 + 𝜀𝜀𝑖𝑖𝑖𝑖1           (1) 

𝑦𝑦𝑖𝑖𝑖𝑖2 = 𝑋𝑋𝑖𝑖𝑖𝑖′ 𝛼𝛼2 + 𝑍𝑍𝑖𝑖𝑖𝑖′ 𝛽𝛽2 + 𝑊𝑊𝑖𝑖𝑖𝑖
′ 𝛾𝛾2 + 𝜇𝜇𝑖𝑖2 + 𝜀𝜀𝑖𝑖𝑖𝑖2        (2) 

𝑦𝑦𝑖𝑖𝑖𝑖3 = 𝑋𝑋𝑖𝑖𝑖𝑖′ 𝛼𝛼3 + 𝑍𝑍𝑖𝑖𝑖𝑖′ 𝛽𝛽3 + 𝑊𝑊𝑖𝑖𝑖𝑖
′ 𝛾𝛾3 + 𝜇𝜇𝑖𝑖3 + 𝜀𝜀𝑖𝑖𝑖𝑖3        (2) 

 

 

𝒊𝒊 = 𝟏𝟏, … ,𝑵𝑵 Index countries 

𝒕𝒕 = 𝟏𝟏, … ,𝑻𝑻 Index time periods 

𝒚𝒚𝒊𝒊𝒕𝒕𝟏𝟏  and 𝒚𝒚𝒊𝒊𝒕𝒕𝟐𝟐  and  𝒚𝒚𝒊𝒊𝒕𝒕𝟑𝟑  Log numbers of physicians, 
nurses/midwives, and CHWs per 
1000 populations in country 𝑖𝑖 and 
year 𝑡𝑡, respectively 

𝑿𝑿𝒊𝒊𝒕𝒕
= (𝑿𝑿𝒊𝒊𝒕𝒕𝟏𝟏 , … ,𝑿𝑿𝒊𝒊𝒕𝒕𝒌𝒌𝟏𝟏)′ 

k1-vector of economic transition 
variables 

𝒁𝒁𝒊𝒊𝒕𝒕
= (𝒁𝒁𝒊𝒊𝒕𝒕𝟏𝟏 , … ,𝒁𝒁𝒊𝒊𝒕𝒕𝒌𝒌𝟐𝟐)′ 

k2-vector of epidemiologic 
transition variables 

𝑾𝑾𝒊𝒊𝒕𝒕
= (𝑾𝑾𝒊𝒊𝒕𝒕𝟏𝟏, … ,𝑾𝑾𝒊𝒊𝒕𝒕𝒌𝒌𝟑𝟑) 

k3-vector of demographic 
transition variables 

    𝜶𝜶𝒋𝒋, 𝜷𝜷𝒋𝒋, and  𝜸𝜸𝒋𝒋 , 
𝒋𝒋 = 𝟏𝟏,𝟐𝟐, 3 

Corresponding elasticities to be 
estimated 

    𝝁𝝁𝒊𝒊
𝒋𝒋, 𝒋𝒋 = 𝟏𝟏,𝟐𝟐, 3 Vectors of dummy variables 

coefficients by country (i.e. 
country fixed-effects) that 
account for constant differences 
in characteristics across countries 

 𝜺𝜺𝒊𝒊𝒕𝒕
𝒋𝒋 ,  𝒋𝒋 = 𝟏𝟏,𝟐𝟐, 3 Disturbance terms assumed to be 

zero-mean and uncorrelated with 
the regressors.  

 

All independent variables were logged and lagged up to five 
years. This allowed the model to deal with potential 
endogeneity and ensure that historical values of these factors 
predict future health worker density numbers. This also gave 
enough time for these factors to work their way through the 
economy and affect the labor market. To select the correct 
combination of year lags of the different predictors, a 
stepwise approach based on information criteria that 
maximize the predictive power of each variable was used. 

 
 

 
27  Meade 1988, Nguimkeu & Rekkas 2011 

Demand model projection 
After specifying and estimating the appropriate demand 
model, estimated coefficients from the regression model 
were applied to the future values of each predictor variable 
to compute the future predicted health worker density. 
Future values of physicians and nurses/midwives per 1,000 
population were multiplied by projected total population size 
in each year to obtain the absolute number of physicians and 
nurses/midwives.  

Supply model estimation and projection 
Ideally, a regression approach would use information on the 
current stock, entries, attrition, demographics, training, and 
labor force participation patterns of health professionals. 
However, this information is not available in LMICs, hence 
the supply-side of CHAMPS will only use current stock of 
physicians and nurses/midwives.  

CHAMPS addresses supply through a unique approach, which 
assumes the growth rate of physicians, nurses/midwives, and 
CHWs may not be constant over time. The supply of health 
workers is assumed to not be necessarily linear, but possibly 
with an S-shaped feature, consisting of a slow early supply 
stage, followed by a phase of rapid adoption, which then tails 
off as the health worker population becomes saturated.27 At 
any point in time, each country could be at a particular stage 
of this curve. For each country, the density of physicians, 
nurses/midwives, and CHWs is then modeled using a logistic 
trend curve defined by: 

 

Physicians per 1000 populationit = 𝛽𝛽0𝑖𝑖[1
+ 𝛽𝛽1𝑖𝑖 exp(−𝛽𝛽2𝑖𝑖𝑦𝑦𝑦𝑦𝑦𝑦𝑟𝑟𝑖𝑖)]−1 + 𝑢𝑢𝑖𝑖𝑖𝑖 

Nurses/Midwives per 1000 populationit = 𝛼𝛼0𝑖𝑖 [1
+ 𝛼𝛼1𝑖𝑖 exp(−𝛼𝛼2𝑖𝑖 𝑦𝑦𝑦𝑦𝑦𝑦𝑟𝑟𝑖𝑖)]−1 + 𝑣𝑣𝑖𝑖𝑖𝑖 

CHWs per 1000 populationit = 𝛾𝛾0𝑖𝑖[1
+ 𝛾𝛾1𝑖𝑖 exp(−𝛾𝛾2𝑖𝑖𝑦𝑦𝑦𝑦𝑦𝑦𝑟𝑟𝑖𝑖)]−1 + 𝑤𝑤𝑖𝑖𝑖𝑖 

 

𝜷𝜷𝟎𝟎𝒊𝒊  (respectively, 𝜶𝜶𝟎𝟎𝒊𝒊 , 
 𝜸𝜸𝟎𝟎𝒊𝒊 ) 

Maximum size that the supply 
of physicians (respectively, 
nurses/midwives, and CHWs) 
can reach with the available 
resources in the long run 
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𝜷𝜷𝟏𝟏𝒊𝒊  (respectively, 𝜶𝜶𝟏𝟏𝒊𝒊 , 
 𝜸𝜸𝟏𝟏𝒊𝒊 )  

Relative size of the physicians 
(respectively, nurses/midwives, 
and CHWs) at time t = 0 

𝜷𝜷𝟐𝟐𝒊𝒊  (respectively, 𝜶𝜶𝟐𝟐𝒊𝒊 , 
 𝜸𝜸𝟐𝟐𝒊𝒊 ) 

Controls the growth rate of 
the population of physicians 
(respectively, nurses/midwives 
and CHWs). 

𝒖𝒖𝒊𝒊𝒕𝒕, 𝒗𝒗𝒊𝒊𝒕𝒕 and 𝒘𝒘𝒊𝒊𝒕𝒕 Disturbance terms first 
assumed to be spherical 

 

Our approach will be compared with the usual linear trend 
curve in terms of predictive power measured by root mean 
squared errors, and the model with the best fit will be 
ultimately selected.  

KEY ISSUE 1: CHW DATA 

In most of the LMIC countries, CHW data was unavailable, 
with 87 percent of these data still missing after imputation 
(see Table 6). Hence, the global analysis with our panel of 84 
LMIC countries focused on estimating physicians and 
nurses/midwives numbers and projections using the first two 
equations in the demand and supply models described above 
throughout (rather than all three equations).  

Completed at a later stage, the LMIC analysis was restricted 
to a sample of LMIC countries for which data on the density 
of CHWs is available (or sufficiently available to warrant 
imputation by interpolation). The purpose was to estimate 
the model on a subset of countries with enough information 
to be used as a basis for more in-depth analysis and as a 
benchmark for extrapolating the global results. Countries 
with three or less observations for CHW data were 
excluded. The resulting LMIC restriction sample included 11 
countries with CHW data.28  

The best fit specifications of indicators retained the same 
specification for the global model, although various alternative 
specifications of indicators were examined for the CHW 
demand analysis. However, contrary to the global 
specification that only featured the physicians and 
nurses/midwives densities as dependent variables of interest, 
this specification also includes CHWs as a third dependent 
variable of interest, as specified above. The model is 
therefore estimated as a system of three seemingly unrelated 
equations with country fixed-effects and cross-correlations.  

 

 
28 Bangladesh, Burkina-Faso, Central African Republic, 
Ethiopia, Gambia, Ghana, Mali, Mauritania, Mongolia, 
Myanmar, and Pakistan 

As before, for the supply analysis, a linear trend curve, a 
quadratic trend curve, and a logistic trend curve were 
considered as possible alternative models. Specification 
analysis using root-mean squared error selection criteria 
allows to select a linear trend curves for all the three 
equations. 

Supply model projection 
Using the estimated coefficients, supply densities of 
physicians, nurses/midwives, and CHWs were projected up 
to 2035. The projected supply of physicians, nurses/midwives, 
and CHWs per 1,000 population for each future year is then 
multiplied by projected population in that year to obtain the 
absolute numbers of physicians and nurses/midwives. The 
formula is as follows:  

 

𝑁𝑁𝑢𝑢𝑁𝑁𝑁𝑁𝑦𝑦𝑟𝑟 𝑜𝑜𝑜𝑜 𝑤𝑤𝑜𝑜𝑟𝑟𝑤𝑤𝑦𝑦𝑟𝑟𝑠𝑠𝑖𝑖𝑖𝑖
= 𝑊𝑊𝑜𝑜𝑟𝑟𝑤𝑤𝑦𝑦𝑟𝑟𝑠𝑠 𝑝𝑝𝑦𝑦𝑟𝑟 1000 𝑝𝑝𝑜𝑜𝑝𝑝𝑢𝑢𝑝𝑝𝑦𝑦𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛𝑖𝑖𝑖𝑖
∗  𝑃𝑃𝑜𝑜𝑝𝑝𝑢𝑢𝑝𝑝𝑦𝑦𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛 𝑖𝑖𝑛𝑛 𝑦𝑦𝑦𝑦𝑦𝑦𝑟𝑟 𝑡𝑡/1000 

 

Similar to the exponential growth model, our supply 
projections based on the logistic model assume the supply 
growth is exogenous and only trends with time based on the 
historic trends.  This scenario implies a relatively rigid entry 
to the health labor market, which is likely the case in many 
countries. 

Surplus/shortage estimation and projection 
The surplus or shortage of per capita workers numbers were 
then calculated as the difference between what is demanded 
and what is supplied. This estimated surplus/shortage is 
multiplied by projected population numbers to calculate the 
absolute deficit of the numbers of physicians and 
nurses/midwives, and can be done at the country, regional 
and global levels of analyses, depending on the level of 
aggregation of physician and nurses/midwives numbers. 

 

Shortage� it = Demand� it − Supply� it,      𝑖𝑖 = 1, … ,𝑁𝑁 ; 𝑡𝑡
= 1, . . ,𝑇𝑇 

The formulas used to estimate variances/standard errors of 
these differences (shortages and/or surpluses) as well as the 
formulas to compute the projection intervals for demand and 
supply over the study period are provided in Annex E. 
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For each country, the projected numbers of total health 
workers demanded for each future year up to 2035 is then 
compared to the number supplied each future year up to 
2035. A country is deemed to have a shortage of health 
workers in a given year if the number of workers demanded 
exceeds the number supplied.  

Note that although the demand and supply of health workers 
are endogenously related in the health labor market, a 
different reduced-form method was used to project them 
independently in ways that address potential endogeneity. 
The demand equation includes factors lagged up to several 
years to avoid simultaneity and ensure a clear direction of 
causality and the supply equation was only based on an 
exogenous time trend. 

 

IV Results and Discussion  
Three sets of regression analyses were run:  

1) 84 LMICs which included physicians and 
nurses/midwives as the dependent variables, and 

2) 11 LMICs which included physicians, 
nurses/midwives, and CHWs as the dependent 
variables. 

In addition, three types of regression analyses and variable 
selection tests were run, which allowed us to select a set of 
EED factors that are included in the regressions. These three 
types of regression analyses are split up by economic, 
epidemiological, and demographic categories, in order to 
more easily compare analyses results. The three types of 
analyses included: 

1) Direct demand model: Estimated coefficients and 
standard errors from the direct demand model of 
only physicians and nurses/midwives. The first panel 
reports estimation results for the physicians’ 
equation, whereas the second panel reports these 
estimates for the nurses/midwives equation. 
Estimated coefficients as well as corresponding 
standard errors are also reported. All these 
equations included EED transition variables lagged 
one period, fixed-effects, as well as interactions 
terms between key EED factors such as GDP per 
capita, CVD incidence, life expectancy, population 
aged 65 and over.  

2) Changes in densities and numbers of health 
workers: Provides the predicted changes in 
numbers of physicians and nurses/midwives 
associated with anticipated changes in each indicator 
from 2020 to 2030—ceteris paribus, as well as their 
confidence interval. The predicted health worker 
densities are obtained by multiplying the projected 
change in each indicator with the associated 

coefficient estimated in the HRH model. The 
associated health worker numbers are computed by 
multiplying the predicted densities with the 
corresponding population sizes. Predicted changes in 
densities of physicians and nurses/midwives 
associated with anticipated changes in each indicator 
from 2020 to 2030 are shown with their confidence 
interval.  

The results from the direct demand model and the changes in 
numbers of health workers have been combined into one 
table found in the text. The separated direct demand model 
tables, as well as the changes in densities results table, can be 
found in Annex F.  

3) Standardized demand model: Estimated 
coefficients and standard errors when the regression 
is run on standardized indicators. These standardized 
indicators were created using z-scores (equated by 
subtracting by their means and dividing by their 
standard deviations). Standardizing these indicators 
creates unitless figures, and the standardized 
regression allows comparisons of the relative impact 
of each indicator with respect to the other 
indicators, without losing the model’s explanatory 
power. 

When interpreting results, this analysis uses “point” to refer 
to the number of health workers demanded per 1000 
population (i.e. density) for every unit (resp. every standard 
deviation) increase in the raw indicator (resp. in the 
standardized indicator).  
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Demand model excluding CHWs 
Direct demand model estimates   

 
 2020-30       Demand for Physicians density                                                     Demand for Nurses/Midwives density                              

 
Unit 

 
 coeff estimate                95% conf. range   coeff    estimate                        95% conf. range 

Economic 

 

 

       

Ln(GDP per capita) 
 

Log GDP per capita 0.5384 1.72 3,515,232 3,434,300 3,596,164 -1.9342 -3,953,001 -4,238,716 -3,667,287 

Ln(OOP per capita) 
 

Log OOP per capita 0.7286 -1.1152 -3,082,185 -3,144,095 -3,020,276 -2.4567 -6,789,818 -6,923,586 -6,656,050 

Access to Elect (%) 
 

Percentage points 7.8543 -0.0341 -1,015,842 -5,067,294 3,035,610 0.0098 291,943 47,664 536,222 

Epidemiologic 
 

 
         

DALYs 
 

Years of life lost per 

100K -13629.6 0.0001 

-5,169,443 -8,271,109 -2,067,777 

0.0003 -15,508,329 -16,542,218  -14,474,440 

CVD Incidence 
 

New cases per 100K 23.407 0.0671 5,956,928 1,429,308 10,484,549 -0.0781 -6,933,474 -16,574,643 2,707,695 

Malaria Incidence 
 

New cases per 100K -2901.9 0.0001 -1,100,659 -1,122,672 -1,078,645 0.0009 -9,905,928 -12,107,245 -7,704,611 

HIV Incidence 
 

New cases per 100K -31.818 0.0142 -1,713,678 -1,858,496 -1,568,860 0.1137 -13,721,491 -14,035,264 -13,407,719 

Demographic 
 

 
         

Life Expectancy  
 

Years 3.4901 5.3935 71,395,352 66,071,312 76,719,393 14.209 188,088,729 171,772,439 204,405,020 

Death rate   
 

Num. of death per 1000 -1.7911 6.9997 -47,550,535 -48,137,469 -46,963,600 9.1071 -61,866,576 -66,953,343 -56,779,810 

Urban Pop (%)  Percentage points 3.6825 0.6924 9,670,942 9,475,400 9,866,484 0.9027 12,608,260 12,102,645 13,113,875 

Pop 65+ (%) 
 

Percentage points 0.2777 2.7991 2,948,099 439,303 5,456,896 22.451 23,646,092 15,030,662 32,261,523 

Pop 15-64 (%) 
 

Percentage points 1.8976 -4.3929 -31,616,106 -32,292,633 -30,939,579 -9.678 -69,653,458 -71,262,728 -68,044,188 

mCPR (%) 
 

Percentage points 1.1832 -0.0057 -25,580 -27,375 -23,785 0.007 31,414 30,516 32,311 

TABLE 8 DIRECT DEMAND MODEL AND CHANGES IN THE NUMBER OF HEALTH WORKERS (84 LMICS, EXCLUDING CHWS) 
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Results for economic indicators 

ELASTICITY OF DEMAND BASED ON ECONOMIC 
INDICATORS 

Results of this analysis show that as countries transition from 
poor to rich economies, they are likely to increase their 
demand for physicians and decrease their demand for nurses, 
both because their personal income is increasing and because 
they are getting more social protection.  

Increases in GDP per capita are associated with increases in 
the demand for physicians and decreases in the demand for 
nurse/midwives. The income effect is a one-percent increase 
in GDP would predict the need for 0.017 additional 
physicians per 1000 population. In contrast, the same GDP 
growth would predict the demand of -0.019 fewer 
nurses/midwives per 1000 population.  

Less generous health coverage leaves individuals to pay more 
out of pocket, which is expected to lower the demand for 
and use of health services. The correlations between health 
worker densities and OOP health expenditures are negative 
and significant, indicating that a one percent increase in OOP 
expenditures is associated with a -1.1 point decrease in 
physician density (i.e. a one-percent increase in OOP would 
predict the need for -0.011 physicians per 1000 population). 
For the density of nurses/midwives, this correlation is also 
negative and significant, estimated at a -0.025 per 1000 
population.  

As the economy transitions to provide greater access to 
electricity (used as a proxy for technological advances), more 
nurses/midwives will be demanded. A one percentage point 
increase in the fraction of population with access to 
electricity is associated with a 0.0098-point increase in 
nurses/midwives density, while the impact on physicians is 
insignificant. This suggests that as countries transition to 
increased access to electricity, more nurses/midwives will be 
demanded while the direction of the expected demand for 
physicians is unclear. One explanation for the unclear effect 
on physician’s demand is that while access to electricity is 
assumed to be correlated with technological advances at the 
cross-country level, it may also reflect household wealth 
within the country.   

PREDICTED CHANGES IN DENSITIES AND NUMBERS 
OF HEALTH WORKERS BASED ON ECONOMIC 
INDICATORS BETWEEN 2020-2030 

The first panels of Table 8 show the changes in numbers of 
physicians and nurses/midwives stemming from predicted 
changes in each economic indicators between 2020 and 2030. 
Within this period, the average log GDP per capita in LMICs 
is predicted to increase by 0.54. Based on our estimation 
results, this would increase the demand for physicians by 

3,515,232 and decrease the demand for nurses/midwives by   
-3,953,001, ceteris paribus.  Meanwhile, changes in log OOP 
per capita is predicted to increase by 0.73, leading to a 
decrease in the demand for both physicians and 
nurses/midwives by -3,082,185 and -6,789,818, respectively. 
The proportion of households with electricity will increase by 
7.85 percentage points which will increase the demand for 
nurses/midwives by 291,943. 

Results for epidemiological indicators 

ELASTICITY OF DEMAND BASED ON EPIDEMIOLOGIC 
INDICATORS 

While infectious diseases become less impactful in a 
transitioning country, non-communicable diseases become 
the most important component of disease burden, driving the 
demand for health workers upward.  

The epidemiological transition variables also have expected 
signs. The overall disease burden captured by the disability-
adjusted life years (DALYs) is positively associated with the 
physicians and nurses/midwives densities. Specifically, 10 
additional years lost due to ill-health, disability, or early death 
is associated with a 0.001-point increase in the demanded 
density of physicians and with a 0.003-point increase in the 
demanded density of nurses/midwives.  

While incidence of infectious diseases such as malaria and 
HIV are expected to drive the demand for physicians and 
nurses/midwives upward, the results show that non-
communicable diseases are likely to have a negative, or 
insignificant, impact on the demand for nurses/midwives. A 
one-point increase in the incidence of CVD would predict the 
need for 0.067 additional physicians per 1000 population, and 
the decreased demand for -0.078 nurses/midwives per 1000 
population. A one-point increase in the incidence of malaria 
results in an increase of .0001 physicians and .0009 nurses, 
per 1000 population. A one-point increase in the incidence of 
HIV results in the increase of 0.014 physicians and 0.114 
nurses, per 1000 population.  

PREDICTED CHANGES IN DENSITIES AND NUMBERS 
OF HEALTH WORKERS BASED ON EPIDEMIOLOGICAL 
INDICATORS BETWEEN 2020-2030 

The second panels of Table 8 show the changes in densities 
and numbers of physicians and nurses/midwives stemming 
from predicted changes in each epidemiological indicator 
between 2020 and 2030. Within this period, the average 
DALYs in LMICs is predicted to decrease by 13629.6 in years 
of life lost per 100,000 population. Based on our estimation 
results, this would decrease the demand for physicians by      
-5,169,443 and the demand for nurses/midwives by                
-15,508,329, ceteris paribus. While the incidence of 
cardiovascular diseases is predicted to increase by 23.407 of 
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new cases per 100,000 population, the incidences of 
infectious diseases such as malaria and HIV are predicted to 
decrease by 2901.9 and 31.818 per 100 000 population, 
respectively. Changes in CVD during this period is predicted 
to lead to a 5,169,443 increase in the demand for physicians 
and 15,508,329 increase in the demand for nurses/midwives. 
On the other hand, the change in malaria incidence is 
predicted to decrease the demand for physicians and nurses 
by -1,100,659 and -9,905,928 respectively, while the change in 
HIV incidence is predicted to decrease the demand for 
physicians and nurses/midwives by -1,713,678 and                  
-13,721,491, respectively. 

Results for demographic indicators 

ELASTICITY OF DEMAND BASED ON DEMOGRAPHIC 
INDICATORS 

Demographic indicators have the largest impact on HRH 
demand. A leading factor is life expectancy at birth, especially 
its effect on the demand for nurses/midwives. An additional 
year of life expectancy is associated with a 5.3-point increase 
in the physician density and 14.2-point increase in 
nurses/midwives density, ceteris paribus.  

The impact of death rate on demand could be a result of 
several factors, such as high prevalence of both communicable 
and non-communicable diseases leading to death, high infant 
mortality or neonatal birth. As expected, an increase in the 
death rate is associated with a substantial increase in the 
demand for both physicians and nurses (6.9 points and 9.1 
points, respectively).  

The age of a population also has a significant impact on HRH 
demand. Results from the model show that a one percentage 
point increase in the fraction of population aged 65 and over 
is associated with a 2.8-point increase in physicians’ density 
and a 22.5-point increase in the density of nurses/midwives. In 
contrast, a one percentage point relative increase in the 
proportion of the population aged 15 to 64 is associated with 
-4.4 and -9.7-point decrease in the demand of physicians and 
nurses/midwives, respectively. This is presumably because this 
fraction of the population has the highest proportion of 
healthy individuals, and therefore has much less demand for 
health workers.  

The results also show that urbanization is associated with 
increased demand for health workers. The effect of a one 
percentage point increase in the urban population rate is 
estimated at 0.7-point and 0.9-point of physicians and 
nurses/midwives densities, respectively. Since increased 
urbanization of LMICs is a growing phenomenon, country 
planners should anticipate not only the increased need for 
health workers, but also the required skills and geographic 

and economic characteristics of urban populations that are 
increasingly concentrated in slum areas. HRH strategies must 
take these shifts into account. 

Finally, the use of modern contraceptive methods is 
associated with a decreased demand for physicians, but an 
increased demand for nurses/midwives. Specifically, a one-
percentage point increase in the modern contraceptive 
prevalence rate (mCPR) is associate with a -0.006 decrease in 
the density of physicians demanded, but a 0.007-point 
increase in the demand for nurses/midwives. Everything else 
equal, the increased use of modern contraceptive methods 
may require more low-level staff like nurses/midwives and 
CHWs in providing modern methods such as injectable 
contraceptives, together with contraceptive information and 
commodities especially to rural populations. 

PREDICTED CHANGES IN DENSITIES AND NUMBERS 
OF HEALTH WORKERS BASED ON DEMOGRAPHIC 
INDICATORS BETWEEN 2020 AND 2030 

The third panels of Table 8 show the changes in densities 
and numbers of physicians and nurses/midwives stemming 
from predicted changes in each demographic indicator 
between 2020 and 2030, as well as associated confidence 
intervals. Within this window, the average life expectancy at 
birth is expected to increase by 3.5 years in LMICs. Based on 
our estimation results, this would increase the demand for 
physicians by 71,395,352 and the demand for nurses/midwives 
by 171,772,439, ceteris paribus. This indicator has the largest 
ceteris paribus effect among all indicators considered in this 
study.   

Death rate is the only demographic indicator that is expected 
to decrease in the study and is predicted to decrease by 1.8 
deaths per 1000 population. This decrease is predicted to 
lead to a decrease in the demand of physicians by                   
-47,550,535, and a decrease in the demand for nurses by         
-61,866,576. Urbanization is predicted to increase by 3.7 
percentage points, leading to an expected increase in the 
demand of physicians and nurses by 9,670,942 and 
12,608,260, respectively.  

The fraction of the population aged 65 and above is predicted 
to increase by 0.27 percentage point, leading to an increase in 
the demand of physicians and nurses by 2,948,099 and 
23,646,092, respectively. Changes in population aged 14 to 64 
during this period is predicted to increase by 1.8 percentage 
points and to lead to a -31,616,106 decrease in the demand 
for physicians and -69,653,458 decrease in the demand for 
nurses/midwives.  

The change in modern contraceptive prevalence rate is 
predicted to increase by 1.2 percentage points and to 
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decrease the demand for physicians by -25,580 while 
increasing the demand for nurses by 31,414.  

Standardized demand model estimates 
Because the regression coefficients in Table 8 are obtained 
from indicators that have different units (percentages, dollars, 
years, etc.) and ranges in value, they are not directly 
comparable to each other. To compare the relative impact of 
each EED indicator on the demand for health workers, 
regressions of the health workers densities were run on all 
select EED indicators that have been standardized using z-
scores. This renders the results of the regression analysis 
unitless but provides the critical perspective to compare the 
relative power of each indicator to influence the demand for 
health workers. These results are presented in Table 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Roughly, all the regression coefficients maintain their sign and 
significance, but only their magnitudes are changed to reflect 
the relative power between explanatory indicators and 
should be interpreted with caution. For example, if we have a 
coefficient of 4 on one indicator and a coefficient of 0.4 on 
another indicator, for a one-standard deviation change in each 
of these indicators, the first has 10 times higher impact 
compared to the second.   

ELASTICITY OF DEMAND BASED ON ECONOMIC 
INDICATORS 

The results of CHAMPS show that as countries transition 
from lower to higher income economies, they increase their 
demand for physicians and decrease their demand for nurses 
(0.134-point increase in the demand for physicians and a        
-0.105-point decrease in the demand for nurses/midwives), 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 9 DEMAND MODEL WITH STANDARDIZED INDICATORS (84 COUNTRIES) 
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whereas out-of-pocket expenditures show a larger impact on 
HRH (-0.571-point and a -0.498-point decreases in the 
demand for physicians and nurses/midwives densities, 
respectively). This shows that less generous health coverage 
leaves individuals to pay more out-of-pocket for their health 
care, which is expected to lower the use of health services, 
therefore decreasing demand of health workers.  

Access to electricity, used as a proxy for technology 
adoption, increases the demand for nurses and decreases 
demand for physicians.29 A one-standard deviation (SD) 
increase in electrification rate increases the demand density 
for nurses/midwives by 0.6-point, but does not significantly 
affect the demand for physicians.  

ELASTICITY OF DEMAND BASED ON 
EPIDEMIOLOGICAL INDICATORS 

For epidemiological transitions, the results show that a one-
SD increase in DALYs, malaria incidence, and HIV incidence 
has a positive effect on both the demand for physicians and 
nurses/midwives, with larger impacts on nurses/midwives 
overall. In particular, it is associated with a 0.925-, 2.89-, and 
0.517-point increase in the density for physicians demanded, 
and a 2.7-, 2.2-, and 4.0-point increase in the density for 
nurses/midwives demanded.  

On the other hand, non-communicable diseases are driving 
the demand for physicians up and the demand for nurses 
down. A one-SD increase in CVD incidence increases the 
demanded density for physicians by 1.134 points but does not 
significantly affect the demand for nurses/midwives. This 
might be due to the fact that CHWs are not accounted for in 
this analysis. The omitted role of CHW (which should take a 
negative sign on CVD incidence as found below) is possibly 
conflicting with the effect on nurses in the negative direction. 
This issue seems resolved when the CHW data is included in 
the analysis. The effect of CVD on CHWs is clearly negative 
(as expected), while the effect of CVD on nurses now 
recovers its (expected) positive sign back.  

ELASTICITY OF DEMAND BASED ON DEMOGRAPHIC 
INDICATORS 

Demographic transitions have the overall highest effects on 
health workers densities among all the select EED indicators. 
The largest influences of demand for health workers are life 
expectancy and death rates where increases in either 
indicator have large effects on demand for physicians and 
even larger effects on demand for nurses. In particular, a one-
SD increase in life expectancy (resp. death rate) is associated 

 

 
29 While within a country, access to electricity is rather more related to 
household wealth and urban residency, from a cross-country 

with a 15.3-point (resp. 7.8-point) increase in the density of 
physicians demanded, while it is associated with a 39.7-point 
(resp. 16.9-point) increase in the density of nurses/midwives 
demanded.  

Age structure of the population also plays a large role in the 
demand for health workers. Increases in the population aged 
15 to 64 dramatically decreases for physicians and nurses 
presumably due to the fact that the age group is the 
healthiest and therefore decreases the need for HRH (one-
SD increase in this indicator leads to -8.6-point and -17.6-
point decreases in the demanded density for physicians and 
nurses/midwives, respectively). In reverse, population 
increases in the 65+ age group increases demand.  

The use of modern contraceptive methods is associated with 
an only slight decrease in demand for physicians and slight 
increase in demand for nurses/midwives which fits with the 
standard method of FP delivery through these cadres.   
Birthrate was initially also shown to have a significant effect 
on health worker demand, however it was strongly 
correlated with death rate and urbanization and therefore 
not used due to its collinearity issues. 

EFFECTS OF SUBSTITUTION/COMPLEMENTARITY ON 
HRH DEMAND 

The regressions equations also included a factor (denoted as 
substitution in the tables) to capture the extent of the 
relationship between past and contemporaneous densities of 
physicians versus nurses/midwives densities. In other words, a 
one-year lag of the nurse density was added into the physician 
density equation (and one-year lag of physician density into 
the nurse density equation).  

The results for both physician equation and nurse equation 
show a positive and significant coefficient. Specifically, the 
physician density regression shows that a one-point increase 
in the density of nurses/midwives increases the average 
density of physicians demanded by 0.0025 the following year, 
ceteris paribus. Conversely, the nurses/midwives density 
regression shows that for a one-point increase in the 
physician density, the average density of nurses/midwives 
demanded increase by only 0.035 the following year. While 
the positive coefficients in both equations confirm the 
complementarity between these two cadres, their low 
magnitude do not satisfy the desired doctor-to-nurse ratio of 
0.25 expected in standard practice for workload distribution.   

 

perspective, evidence shows that countries with better access to 
electricity also have better access to technology. 
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Summary of findings of model excluding CHW data:  

The estimation of the demand model reveals that economic, 
epidemiologic and demographic trends are important factors 
driving the demand for health workers (represented in 
Figure 1). In particular:  

 Economic growth increases the demand for physicians 
but decreases the demand for nurses/midwives, 
while increases in out-of-pocket health expenditures 
decrease demand for both cadres.  

 Among epidemiological factors, transitions to high CVD 
incidence substantially increase the demand for 
physicians and decrease the demand for nurses, 
while DALYs and infectious diseases increase 
demand for both cadres. Impact of indicators is 
higher on nurses than on physicians.  

 Demographic transitions are overall the biggest drivers 
of the demand for health workers. The impact of life 
expectancy and death rates increasing demand for 
health workers are substantial only matched in 
magnitude by the reductions in demand for health 
workers from increase in the population aged 15 to 
64. 

 The results also show evidence of complementarity 
between physicians and nurses/midwives, albeit at a 
lower extent than expected in practice. 

 

 

 

 

 

 
 

 

Demand model including CHWs 
Demand model estimates 
Table 11 summarizes the estimated coefficients and standard 
errors from the direct demand model of physicians, 
nurses/midwives, and CHWs in the 11 selected LMICs 
countries (Table 10). The estimated demand equation for 
physicians shows elasticities roughly in the same directions as 
the ones obtained in the global model. No analysis was 
completed on the number and densities of health workers 
using this model.  

The estimated demand equation for physicians and 
nurses/midwives in these countries have a similar feature in 
the global model in terms of elasticities with respect to EED 
indicators. However, the changes that are seen could be due 
to the profile of the 11 countries used in this analysis.  

Economic development drives the demand for health workers 
through higher income, improved health insurance system 
and technological advances. The major difference between 
the two models is that while an increase in out of pocket 
expenditures negatively affects the demand for 
nurses/midwives in the model excluding CHWs, it positively 
impacts the same cadre in the model including CHWs. The 
largest impact on CHWs in the increase in GDP per capita, 
which decreases the need by -3.03 points for every one-
percentage change.  

Epidemiological transitions also significantly drive the demand 
for physicians and nurses/midwives. The demand for CHWs 
follows the same trend lines and magnitudes as the demand 
for nurses and physicians, except a negative impact on CVD. 
In the model excluding CHWs, CVD incidence has a negative, 
but insignificant impact, while it shows a positive and 
significant impact in the model including CHWs. Demand for 
CHWs is negatively associated with CVD incidence, which 
contrasts with the positive association found between this 
indicator and the demands for the other two cadres. A 
comparison across the three categories of health workers 
shows that HIV incidence stimulates demand for 
nurses/midwives the most.  

Demographic transitions such as change in death rate, increases 
in life expectancy at birth, and the age structure of the 
population are the main drivers of the demand for physicians 
and nurses/midwives. However, the impact of demographics 
has a much lower impact on CHWs in comparison to 
physicians and nurses.  

 

 

 

Figure 1 Relative effects of standardized (unitless) 
EED indicators on density of physicians and 
nurses/midwives in 84 LMICs 
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TABLE 10 11 SELECTED LMICS FOR CHW ANALYSIS 

 

 

TABLE 11 DEMAND MODEL ESTIMATES (11 COUNTRIES) 
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As in most LMICs, CHWs are more predominant in rural 
areas, which is shown in the model as a negative association 
between urban population ratio and the demand for CHWs. 
Combining the analysis from the CVD indicator, this model 
may suggest that either people living in urban areas are more 
exposed to non-communicable diseases than in rural areas, or 
people suffering from those diseases in rural areas tend to 
move to urban areas in quest for better treatment, or simply 
that it is not the job of the CHW to take care of CVD cases 
in these countries. This may also shed some light on the 
negative association between the demand for CHW and CVD 
incidence. 

The physician density regression suggests complementarity, 
showing positive and significant coefficients for both the 
lagged values of nurses/midwives and CHW. In particular, the 
coefficient for the former is 0.003 (one additional point in 
nurses/midwives density in a given year increases the 
physician density demanded in the following year by 0.003, 
ceteris paribus). This rate is smaller than the one obtained in 
the global model.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Demand model with standardized indicators 
Table 12 reports the regression analysis with standardized 
variables which also allows to compare the relative impact of 
the EED indicators in the model with CHWs. The results 
show that life expectancy at birth and the proportion of 
population 65+ continue to be the main positive drivers of 
the demand for CHWs, followed by HIV incidence. These 
positive drivers of CHW demand underline the increasing 
importance of CHWs in providing access to health services 
such as antiretroviral therapy to control the HIV epidemic. 
From a planning perspective, this finding is a reminder for 
countries to elevate the urgency of formalizing the role of 
CHWs within a country’s health system by following the 
examples set by Ethiopia, Nigeria, and a few other countries.  

In contrast, urbanization is the main negative driver of CHW 
demand, followed by the proportion of the population aged 
15 to 64. A younger – and healthier – population reduces the 
demand for all three types of health workers. The correlation 
with CHWs and urbanization may be spurious as the CHW 
cadre primarily serves rural and remote areas in LMICs, 
rather than urban settings. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 12 DEMAND MODEL WITH STANDARDIZED INDICATORS (11 COUNTRIES) 
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Adding CHW data allows the capture of interactions 
between all three cadres, improving the fit of the model. 
However, the model excluding CHWs and the model 
including CHWs cannot be rigorously comparable, as one 
uses a global sample while the other uses a selected sample 
whose selectivity is not innocuous. However, when looking at 
both results, the estimated demand equation for physicians 
gives elasticities in the same directions for both models, albeit 
at different magnitudes (as expected). Likewise, the estimated 
equation for nurses/midwives is also similar in terms of 
direction, except the elasticity to GDP is flipped between 
models, and the sign of the elasticity to CVD incidence is 
unclear in the global model.  

Summary of findings of model including CHW data: 

The estimation of the demand model reveals that economic, 
epidemiologic and demographic trends are important factors 
driving the demand for health workers (represented in 
Figure 2). In particular:  

 The demand function for physicians and nurses/midwives 
in these countries has a similar feature as in the global 
model, in terms of elasticities with respect to EED 
indicators. The primary difference is the flipped sign of 
the impact of OOP and CVD incidence on 
nurses/midwives.   

 Economic development drives the demand for CHWs 
through higher income, improved health insurance 
system and access to electricity, with changes in GDP 
having the largest impact. 

 Epidemiological transitions also significantly drive the 
demand for CHWs, especially with the increase in HIV 
and malaria incidences.30  The demand for CHWs is 
negatively associated with non-communicable diseases 
such as CVD, contrasting the positive association with 
the other two cadres.  

 Demographic transitions such as changes in life 
expectancy at birth and population aged over 65 are the 
main positive drivers of the demand for CHWs, while 
increased urbanization and proportion of population aged 
15 to 64 negatively drives it.  

 Including CHWs in the sub-model of 11 countries 
improves the overall fit of the model. Given the small 
 

 

 
30 These findings may give rise to the question whether there 
is a tipping point for HIV incidence where the reliance on 
health workers may shift away from nurses/midwives and 
more towards CHWs. We explored this scenario by 
including a quadratic term for HIV incidence in both the 
CHWs and nurses equations. A significant positive coefficient 
for the quadratic term would indicate that demand for 
CHWs grows at an increasing rate as HIV incidence rises. A 

 
sample issue, this improvement is mainly driven by the 
additional information coming from CHW data. 

Projection results 
For the supply model, densities for physicians, and 
nurses/midwives for each country for years 1990 to 2016 are 
separately estimated using linear and nonlinear (logistic) trend 
curves, and the model with the highest predictive power was 
selected. Estimated parameters were then obtained to 
project the supply of physicians, nurses/midwives, and CHWs 
in each country based on their historical trends. (These 
results are not presented because separate estimates were 
computed for each of the 84 LMIC countries. However, 
Figure 3 show results of the aggregated demand and supply 
for physicians and nurses/midwives including corresponding 
projections.) 

significant negative coefficient for the quadratic term for 
nurses would indicate that demand for nurses grows more 
slowly as HIV incidence rises. These coefficients could be 
regarded as such a “turning or tipping point.” However, in 
our analysis, these quadratic terms turned out to be 
insignificant and lowered the fit of both equations and were 
hence dropped. 

Figure 2 Relative effects of standardized (unitless) 
EED indicators on density of CHWs in 11 LMICs 
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Model excluding CHWs 
Projections of the demand for physicians and nurses/midwives 
show that predicted trends from economic, epidemiological, 
and demographic factors will likely increase the need for 
more health workers but supply of health workers will not 
keep up with the demand in these countries. Estimations 
show that the skills mix for health workers will not stay 
constant over time, as the ratio of physicians to nurses is 
likely to decrease.  

CHAMPS projects in the short-term (2020) that the 
estimated shortage of health workers is 4.4 million. By 2020, 
the demand for both physicians and nurses will be 16.2 
million, while the supply will only be 11.8 million. By 2035, 
the demand in LMICs for physicians and nurses/midwives will 
increase to 9.2 million and 14.0 million respectively, but only 
5.3 million of physicians and 10.3 million of nurses will be 
supplied, implying a net shortage of about 3.9 million for 
physicians and 3.7 million for nurses/midwives. This total of 
7.6 million health workers is almost twice the estimated 
shortage in 2020. As LMICs are likely to experience relatively 
higher economic growth, patterns of diseases and population 
dynamics which will generate substantial demand for 
physicians and nurses/midwives may not be adequately met by 
the increase in supply of these health workers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 13 and Figure 3 present projected physicians and 
nurses/midwives demand, supply, and net differences (supply-
demand) for LMICs for every five years from 2020 to 2035. 

The net differences between the number demanded and the 
number supplied is then shown as either shortage (negative) 
or surplus (positive). Total projections of the LMICs are 
presented, although the tools necessary to perform this 
analysis at each individual country level are available. 
Confidence intervals are given in Table 19b in Annex E. 

MODEL INCLUDING CHWS 

Including CHWs in the model allows better CHW 
projections based on a demand model compared to what 
would be obtained from inferring them using ratios between 
cadre numbers. However, the demand and supply models 
were also estimated to perform projections of total numbers 
of physicians, nurses/midwives, and CHWs in the 11 LMIC 
country sample. Three different approaches were used to 
compute demand projections for CHWs:  

1 Demand 1: Uses the estimated demand model as the 
global model uses.  

2 Demand 2: Additional demand projection computed using 
cadre compositions based on the Physician-to-CHW ratio 
(estimated at 0.27 in the data). 
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Figure 3 Demand and supply for health workers in LMICs 
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3 Demand 3 Additional demand projection computed using 
cadre compositions based on the Nurses-to-CHW ratio 
(estimated at 0.19 in the data).31 

Table 14 presents total projected physicians, 
nurses/midwives, and CHW demand, supply, and net 
differences (supply-demand) for the 11 selected LMIC 
countries for 2020, 2025, 2030, and 2035. Figure 4 and 
Figure 5 depict the evolutions of the demand and supply of 
these respective numbers over time. All the differences are 
shortages.  

Comparing the different CHW demand models shows that 
projecting CHW numbers using physician’s density data is 
more accurate than using nurses/midwives data. The 
projected demand for CHW using the three above-
mentioned methods is seen in Figure 4. CHW Demand 3 
overestimates the projected demand, CHW Demand 2 
underestimates the projected demand, while CHW Demand 
1 varies between the two. Overall, CHW Demand 1 is much 
closer in magnitude to CHW Demand 2 compared to CHW 
Demand 3. This suggests that for the global analysis where  

 

 
31 The estimated ratios occur from: 
Average number of physicians = 0.27 * average number of 
CHWs; 
Average number of nurses = 0.19 * average number of 
CHWs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

data on CHW are missing, projecting the CHW numbers 
using the physicians’ density data and the physicians-to-CHW 
ratio should be more reliable than using nurses/midwives data 
and ratio. 32  

Together, these results show that if the market elasticities 
remain constant over time, then by 2020 there will be 
estimated shortages of 339,000 health workers in CHW 
Demand 1 equation, 342,000 health workers in CHW 
Demand 2 equation and 367,000 health workers in CHW 
Demand 3 equation, respectively. In contrast, by 2035 there 
will be an estimated net shortage of approximately 486,000 
health workers under CHW Demand 1, 458,000 health 
workers under CHW Demand 2, and 546,000 health workers 
under CHW Demand 3.  

To go into more detail for Demand 1, the short-term and 
long-term projections of health workers based on the 
estimated elasticities obtained from the demand and supply 
models show an increasing shortage over time between 2016 
and 2035. This pattern is not, however, uniform across the 
three categories of workers. After 2020, the gap between 

Therefore, without a model for CHWs, the projection of 
CHWs can be inferred by dividing the projected number of 
physicians (nurses) by 0.27 (0.19).  
32 This is essential to rigorously estimating a CHW model 

TABLE 13 ESTIMATED DEMAND AND SUPPLY FOR PHYSICIANS AND NURSES/MIDWIVES* 

 

 

 

*These estimates are statistically significant at the 5% level (see Table 19b in Annex E for corresponding prediction Intervals) 

 

 

 

                   

 

 



33 
 

demand and supply for physicians slowly decreases over time 
(from 158,000 physicians in 2020 to 142,000 physicians in 
2030). Meanwhile, this gap is increasing at a relatively faster 
pace for nurses/midwives, going from 138,000 
nurses/midwives in 2020 to 261,000 nurses/midwives in 2030. 
On the other hand, the shortage of CHW is also growing but 
at a relatively moderate pace from 42,000 in 2020 to 65,000 
in 2030. These trends can be found in Figure 5.  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Demand and supply for CHWs: Estimates and projections 
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Figure 5 Demand and supply for physicians, nurses, and CHWs (using Demand 1): Estimates and projections 
(11 LMICs) 
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TABLE 14 PROJECTIONS OF HEALTH WORKERS: DEMAND, SUPPLY AND SURPLUS/SHORTAGE (11 LMICS) 
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V Country-level Analysis: 
Ghana 
This section focuses the analysis at a country level to examine 
the health labor market dynamics in Ghana. Ghana is one of 
the USAID priority countries where Health Systems 
Strengthening (HSS) efforts are focused on Preventing Child 
and Maternal Deaths (PCMD), AIDS-Free Generation, and 
participation in the Global Health Security Agenda. Using data 
from the sources described in the previous sections, this 
section aims to estimate a supply model and a demand model 
for health workers (physicians, nurses/midwives, and CHWs) 
in Ghana as a function of EED transitions. The methodology 
adopted is the one discussed for the global model including 
the factors common to all LMICs.  

However, there are factors specific to the Ghanaian context 
that may have affected (or are likely to affect) the 
demand/supply of health workers over time, including: 

1) The National Health Insurance Scheme (NHIS) is an 
authority that was established in 2003 with objective 
to secure the implementation of a national health 
insurance policy that ensures access to basic health 
services to all residents of Ghana. The program was 
implemented nationwide in 2005 and may have 
influenced the demand for health workers. The 
NHIS increased accessibility to health services by 
effectively ending the cash-and-carry system, thus, 
potentially increasing demand for health workers 
over time. 

2) The incidence of “brain drain” has always been 
documented as a common phenomenon in the 
Ghanaian health care sector. Many well-trained 
health professionals immigrate to other countries 
every year in search for better opportunities, and 
that may influence supply of health workers. 

Model specification 
There are three dependent variables of interest:  

1) Physicians density (number of physicians per 1000 
population) 

2) Nurses/midwives density (number of nurses and 
midwives per 1000 population), and  

3) CHWs density (number of CHWs per 1000 
population). In Ghana, CHWs are not a formal 
health worker cadre, but their numbers are 
reported to the WHO HRH Observatory. 

These variables defined three equations that are estimated 
jointly. All the variables used in the global model are first 
considered as potential explanatory variables in the Ghanaian 
country model. Specification analysis is performed to select 
the appropriate explanatory variables. From this preliminary 

analysis, the factors that appeared to be relevant for the 
Ghanaian country model are: 

 Economic transition: GDP per capita, OOP per capita, 
and access to electricity, NHIS  

 Epidemiological transition: CVD incidence, DALYs  
 Demographic transition: Life expectancy at birth, 

fraction of population aged 14 to 64, fraction of 
population aged 65 and over, and mCPR.  
 

Included in the economic transition group is a "dummy" 
variable (called NHIS) to capture the structural change in the 
demand equation stemming from the NHIS implementation, 
and a trend to account for possible non-stationarity. The 
addition of NHIS does not take into account any changes 
made after its introduction, including changes in population 
size or benefits packages.  

On the supply side, the "brain drain" phenomenon was 
assumed to be already reflected in the historical trend, since 
it has always existed in Ghana prior to our study period 
which starts in 1990. The supply analysis considered a linear 
trend curve, a quadratic trend curve, and a logistic trend 
curve as possible alternative models. Specification analysis 
using root-mean squared error selection criteria allows to 
select a linear trend curve for the nurses/midwives equation 
and a quadratic trend curve for the physicians and the CHW 
equations. All three equations rejected the logistic trend 
curve for Ghana. 

Estimation results 
Table 15 reports the estimation results for the demand 
equations for physicians, nurses/midwives, and CHWs, 
including the change in number of health workers projected 
between 2020 and 2030. The full demand model estimates 
table can be found in Annex G. Table 16 reports the 
standardized effects. Most explanatory variables had an 
expected effect on the demand of HRH. However other 
explanatory variables, though relevant to the model, appeared 
to be insignificant in some specifications, which is largely a 
consequence of a small sample size. The demand equations 
for physicians and nurses/midwives yield estimates that are 
similar to the ones obtained in the global model.  
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   Demand for Physicians Demand for Nurses/midwives Demand for CHWs  

 

 

Unit 2020-30 coeff estimate 90% conf. range coeff estimate 90% conf. range coeff estimate 90% conf. range 

Economic  
             

Ln(GDP per capita) Log GDP /capita 0.2099 3.0018 19,361 1,559 37,163 0.5805 3,744 1,490 5,998 0.1123 724 222 1,227 

Ln(OOP per capita) 

 

Log OOP/capita 0.5321 -5.1581 -84,346 -151,644 -17,047 -5.7675 -94,311 

 

-174,792 

 

-13,829 2.2501 36,794 269 73,319 

Access to Electricity Percentage points 8.4082 0.0145 3,747 102 7,392 -0.1634 -42,225 -81,258 -3,193 -0.0205 -5,298 -9,578 -1,017 

Epidemiologic  
             

DALYs 

Years of life 

lost/100K -12083.2 0.0001 -37,137 -37,746 -36,528 0.0001 -37,137 -43,227 -31,046 0.0000 -3,714 -64,618  57,190 

CVD Incidence New cases/100K 21.873 0.0693 46,585 6,677 86,494 0.0382 25,679 2,638 48,720 -0.0005 -336 -557 -116 

Demographic  
             

Life Expectancy  Years 3.0100 0.2949 27,281 19,604 34,958 0.1874 17,336 3,439 31,233 0.0523 4,838 2,289 7,387 

Pop 65+ (%) Percentage points 0.6353 0.7716 16,784 14,166 19,402 2.0669 44,959 41,014 48,905 -0.1063 -2,312 -25,536 20,911 

Pop 15-64 (%) Percentage points 1.8190 -0.6174 -34,515 -69,254 223 -0.6833 -38,199 -39,593 -36,806 0.0510 2,851 -2,091 7,793 

mCPR (%) Percentage points 11.731 -0.0008 -288 -1,234 658 0.0045 1,622 -13,455 16,700 0.0021 757 -2,258 3,773 

NHIS  1 0.115 3,534 712 6,357 0.0581 1,786 268 3,303 -0.541 -16,627 -29,833 -3,421 

TABLE 15 DEMAND MODEL ESTIMATES (GHANA) 
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Elasticity of demand based on economic 
indicators 
Economic growth increases the demand for all health 
workers in Ghana but much less so for CHWs. In addition, 
increased out-of-pocket health expenditures decrease the 
demand for physicians and nurses, but not for CHWs. A 
potential explanation could be because CHWs tend to 
provide services for free or lower cost than higher level care.  

Access to electricity as a proxy to technology is positively 
associated with demand for physicians; however, it is 
negatively associated with the demand for nurses/midwives 
and CHWs. Since CHWs and nurses may have lower skills 
than physicians in Ghana, this result may bear the same 
interpretation as the one stated for the global model, that is, 
technological changes tend to shift labor towards professions 
dominated by high-skilled labor, and away from professions 
dominated by low-skilled labor.  

PREDICTED CHANGES IN DENSITIES AND NUMBERS 
OF HEALTH WORKERS BASED ON ECONOMIC 
INDICATORS BETWEEN 2020-2030 

The first panel in Table 15 shows the changes in densities 
and numbers of physicians, nurses/midwives, and CHWs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

stemming from predicted changes in each economic 
indicators between 2020 – 2030, as well as associated 
confidence bands. Within this period, the average log GDP 
per capita in Ghana is predicted to increase by 0.21. Based on 
our estimation results, this would increase the demand for 
physicians by 19,361, increase the demand for 
nurses/midwives by 3,744, and increase the demand for 
CHWs by 724, ceteris paribus. Meanwhile, changes in log OOP 
per capita is predicted to increase by 0.53, leading to a 
decrease in the demand for both physicians and 
nurses/midwives by 94,346 and 94,311, respectively, while 
increasing the demand for CHWs by 36,794. The proportion 
of households with electricity is predicted to increase by 9.4 
percentage points leading to an increase in the demand for 
physicians (by 3,747), a decrease in the demand for 
nurses/midwives (by 42,225), and a decrease in the demand 
for CHWs (by 5,298).  

Elasticity of demand based on 
epidemiological indicators 
On the epidemiological transitions, CVD incidence drives the 
demand for physicians and nurses/midwives upwards, and 

TABLE 16 DEMAND MODEL WITH STANDARDIZED INDICATORS 
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downwards for CHWs, while DALYs have little to no impact     
on any cadre. 

In the case of Ghana, the infectious diseases evaluated in the 
global model did not appear to be statistically relevant. In fact, 
they may be relevant and already reflected in DALYs, but in 
isolation they have no separate effect on demand. For 
example, HIV incidence is very low in Ghana, which may 
make it difficult to see a separate measurable effect. Death 
rate may also already be captured in DALYs and in isolation 
does not have separate effect.  

PREDICTED CHANGES IN DENSITIES AND NUMBERS 
OF HEALTH WORKERS BASED ON EPIDEMIOLOGICAL 
INDICATORS BETWEEN 2020-2030 

The second panel in Table 15 shows the changes in densities 
and numbers of physicians, nurses/midwives, and CHWs 
stemming from predicted changes in each epidemiological 
indicators between 2020 and 2030, as well as associated 
confidence bands. Within this period, the DALYs in Ghana is 
predicted to decrease by 12083.2 in years of life lost per 
100,000 population. Based on our estimation results, this 
would decrease the demand for physicians and 
nurses/midwives by 37,137, ceteris paribus. The incidence of 
cardiovascular diseases (CVD) is predicted to increase by 
21.9 new cases per 100,000 population, leading to a 46,585 
predicted increase in the demand for physicians, a 25,679 
predicted increase in the demand for nurses/midwives, and a 
336 predicted decrease in the demand for CHWs.  
 
Elasticity of demand based on demographic 
indicators 
Life expectancy at birth is the demographic factor that 
positively and significantly drives the demand for all health 
workers, whereas the fraction of population aged 65 and over 
only drives the demand for physicians and nurses/midwives. 
Likewise, population aged 15 to 64 negatively drives the 
demand for physicians and nurses/midwives but has an 
insignificant impact on CHWs. 

PREDICTED CHANGES IN DENSITIES AND NUMBERS 
OF HEALTH WORKERS BASED ON DEMOGRAPHIC 
INDICATORS BETWEEN 2020-2030 

The third panel in Table 15 shows the changes in densities 
and numbers of physicians, nurses/midwives, and CHWs 
stemming from predicted changes in each demographic 
indicators between 2020 and 2030, as well as associated 
confidence bands. Within this window, the average life 
expectancy at birth is predicted to increase by three years in 
Ghana. Based on our estimation results, this would increase 
the demand for physicians by 27,2781, the demand for 
nurses/midwives by 17,336, and the demand for CHWs by 
4,838, ceteris paribus. This indicator has the largest ceteris 

paribus effect among all demographic indicators for Ghana 
considered in this study.  

The fraction of the population aged 65 and above is predicted 
to increase by 0.64 percentage points, leading to an increase 
in the demand of physicians and nurses by 16,784 and 44,959, 
respectively. Changes in population aged 14 to 64 during this 
period is predicted to increase by 1.8 percentage points and 
to lead to a 34,515 decrease in the demand for physicians and 
a 38,199 decrease in the demand for nurses/midwives. The 
change in mCPR is predicted to increase by 1.8 percentage 
points and to have an insignificant impact on health worker 
demand.  
 
Elasticity of demand based on country-
specific indicators 
The implementation of the NHIS had a positive and significant 
effect on the demand for physicians, nurses/midwives, but had 
a negative effect on the demand for CHWs. Specifically, while 
implementing this national health insurance scheme increased 
the density of physicians and nurses/midwives by 0.11 and 
0.06 respectively, it decreased the demanded density for 
CHWs by 0.54 points. One explanation for this relationship is 
that NHIS reimburses health professionals for their services, 
but CHWs are most likely not within the insurance network, 
therefore decreasing the demand for CHWs. 

Table 17 reports the estimation results for the supply 
equations for physicians, nurses/midwives, and CHWs. All the 
slope coefficients of the model are statistically significant at 
the five percent level or less. The CHW equation shows a 
good explanatory power with the model explaining about 66 
percent of variations in the demand for CHWs. This 
explanatory power is 36 percent for the nurses/midwives 
equation and only 20 percent for the physicians equation. 

Projections 
The estimated demand and supply models were used to 
perform projections of physicians, nurses/midwives, and 
CHWs numbers for Ghana. 

For the demand projections, the model used projection 
estimates of population, GDP per capita, life expectancy at 
birth, fraction of population aged 65 and over, fraction of 
population aged 15 to 64, and disease incidence from World 
Bank, WHO, and IFS projection estimates. The OOP 
projections are computed using a linear trend curve.  

For the supply projections, the coefficients of the supply 
model are assumed to remain fixed over time, and these 
coefficients are used to compute the supplied densities for 
each year from 2017 to 2035. One important caveat is that 
for longer time horizons, the elasticities in the demand 
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equation and the coefficients in the supply equations are likely 
to be variable, therefore, long-term projections are likely to 
have relatively larger forecasting errors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 17 SUPPLY MODEL ESTIMATES (GHANA) 

 

TABLE 18 PROJECTIONS OF DEMAND, SUPPLY AND SHORTAGE OF HEALTH WORKERS (GHANA) 
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By providing associated estimates of demand and supply by 
cadres over time, Table 18 shows that if the market 
elasticities remain constant, then by 2035 there will be an 
estimated net shortage of approximately 245,000 health 
workers in Ghana, including 45,000 physicians, 121,500 
nurses/midwives, and 78,600 CHWs. This represents about 
nine times the overall shortage of 28,000 health workers 
projected for 2020. Confidence intervals are given in Table 
20 in Annex E 

The graphical analysis of the evolution of the demand and 
supply for health workers pictured in Figure 6, Figure 7, 
and Figure 8 reveals different patterns for the three 
categories of health workers. Overall, the biggest 
discrepancies between demand and supply appear on the 
CHW curves, followed by the nurses/midwives curves, 
whereas very little discrepancy is observed in the physicians’ 
curves.   

In Figure 6, the evolution of demand and supply for 
physicians is depicted. Our projections show that while there 
will be a shortage of physicians in the next 20 years, this 
shortage is expected to be relatively small compared to what 
is expected from other cadres. It is only after the year 2030 
that the gap between demand and supply will start to 
gradually grow.  

The projections of demand and supply for nurses/midwives 
depicted in Figure 7 show an important discrepancy that will 
continue to grow over time. Demand for nurses/midwives 
will tend to grow at a higher speed compared to the supply. 
This rapid growth in the demand mainly comes from the 
projected rapid growth in GDP per capita and in the fraction 
of population aged 65 and over, both of which are two 
significant driving forces for the demand of nurses/midwives 
as shown by the estimation results.  

Figure 8 depicts the projections of demand and supply for 
CHWs. The figure also shows a large gap between demand 
and supply which increases over time. These discrepancies 
come from the projected rapid growth in GDP per capita and 
the projected rise in life expectancy at birth which are two 
significant driving forces of the demand for CHWs as 
revealed by the regression estimates. 
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Figure 6 Demand and supply for physicians in Ghana: 
Estimates and projections 
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Ghana: Estimates and projections 
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Summary of findings of the Ghana country model: 

The demand and supply of physicians, nurses/midwives, and 
CHWs in Ghana are estimated as functions of economic, 
epidemiological, and demographic transitions (represented in 
Figure 9). In particular:  

 The national health insurance scheme implemented 
nationwide in 2005 increased the demand for physicians 
and nurses/midwives but decreased the demand for 
CHWs. In stimulating the demand for health workers, 
the NHIS effectively ended the cash-and-carry system 
and increased accessibility to health services. 

 Unlike in the global model, malaria, HIV, and death rate 
do not appear to be as relevant epidemiologic and 
demographic factors, compared factors such as to 
DALYs, CVD, life expectancy, and population aged 65+. 

 The short and long-term projections of demand and 
supply for health workers based on the estimated 
elasticities show increasingly large shortages of 
nurses/midwives and CHWs over time, but only a 
relatively small or insignificant shortage of physicians.  

 Projections show a nine times overall shortage of health 
workers between 2020 and 2035, from 28,000 to 
245,000.  
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VI Discussion  
In 2015, WHO facilitated a coordinated effort to estimate 
health workforce requirements and projections to 2030. In 
their paper Liu et al. projected a health labor market with a 
shortage of 4 million health workers in LMICs by 2030, 
CHAMPS projects a shortage of 6 million physicians and 
nurses/midwives as shown in Table 19. The much higher 
predicted shortage can be explained by the differences 
between CHAMPS and Liu et al. Labor Market Projections. 
CHAMPS predicts a much lower demand for health workers 
by 3 million, and it also predicts a much lower supply by 5 
million. While our model builds on previous labor market 
projection methods, it addresses some of the main limitations 
of these models that were duly acknowledged by Liu et al. 

The main differences between CHAMPS and the Liu et al. 
Labor Market Projections are as follows: 

 Our HRH EED demand equations incorporate, 
besides economic indicators, additional factors that 
capture epidemiological and demographic transitions. 

 
 
 
 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Relative effects of standardized (unitless) EED indicators on density of health workers in Ghana 
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Previous approaches, including Liu et al.’s, have looked at 
each of these transitions separately. By examining them 
together it captures the combined effects of these factors 
and results in a more robust and more realistic analysis. 
We also incorporate factors that allow us to assess the 
role of technological advances as well as changes in the 
organization of health care delivery, all of which are likely 
to affect the demand and supply for different types of 
health workers. All these indicators – which were 
previously unaccounted for in the Liu et al. Labor Market 
Projections and others – turn out to have large effects on 
the demand for health workers, and significantly improve 
the predictive capability of our model without 
compromising efficiency. 

 To forecast supply of physicians and nurses/midwives, Liu 
et al. adopted a linear growth rate model, assuming that 
historical growth rate of physicians and nurses/midwives 
per capita for each country will continue into the future 
at the same rate each year. This approach can lead to an 
overestimation of the projected supply, as acknowledged 
by the authors. In contrast, our specification for the 
supply forecasts can take a possibly nonlinear S-shape 
form, depending on the data. Although such a nonlinear 
growth model is more difficult to implement, it allows for 
the supply growth rate to vary with time; it is therefore 
more conservative than the linear specification as it 
adjusts to the carrying capacity of each economy over 
time.  

 In addition, unlike the Liu et al. Labor Market Projections 
that generate sub-regional projections based on a single 
global model with 165 countries, our HRH estimation 
focuses on a model with a sample of 84 LMICs, as well as 
a separate sub-model using 11 countries for CHW 
analysis. These subsets of countries are more 
homogenous in nature and the projections obtained are 
therefore less likely to be influenced by outliers. 

The difference between the two approaches are clearly 
noticeable when we compare estimates for the same sets of 
countries. Table 19 shows the 2030 projected demand, 
supply and shortage of health workers in lower and lower-
middle income countries (LMICs) using the Liu et al. Labor 
Market Projections and CHAMPS (with 95 percent 
confidence intervals). Our estimates are generally more 
conservative (lower) and hence more achievable by these 
countries. Indeed, for the LMICs projections, our demand 
estimates for 2030 are 3 million lower than Liu et al.’s. 
However, our supply estimates are about 5 million lower 
than theirs, hence our shortage estimate for 2030 is 2 million 
higher. The fact that our supply side estimates are much 
lower is not surprising since our S-shaped supply trend model 

tends to be conservative while the linear supply trend model 
tends to overestimate future supply as already mentioned 
above. Nonetheless, when we look at the 95 percent 
prediction interval produced by our estimation, we realize 
that the Liu et al. Labor Market Projections for LMICs still fall 
into this interval.  

For the Ghana analysis, the shortage projected by CHAMPS is 
significantly lower and hence more achievable than 
projections derived from applying the methodology from Liu 
at al. to the Ghana data. Interestingly, the projected shortage 
for Ghana using Liu et al. methodology does not fall into the 
95 percent prediction intervals derived from the HRH model.  

These differences in projections point to a limitation that is 
implicit in an exercise such as this. Interpretations of 
projections, while useful for global thinking and advocacy with 
meaningfulness found in comparing scenarios and looking at 
influential variables, should not be taken literally. Projections 
are taken at a ‘best-case’ scenario and cannot account for 
unforeseen fluctuations.  

Additional limitations applicable to this model include the lack 
of data and collinearity. While Section IV: Data Limitations 
addresses the impact of this limitation on the model, it also 
impacts the diversity this global tool can bring. While this 
global tool can be used to determine the elasticity of EED 
trends on demand of HRH, as well as projecting into the 
future the need and supply of health workers, there are also 
many challenges this model cannot not yet address because of 
a lack of necessary data. Amongst others, those challenges 
include: 

- Inclusion of other types of health workers 
- Health care provided by the private sector 
- The influence of gender on HRH employment 

 
Therefore, there is much potential to make CHAMPS more 
precise once more data become available. CHAMPS usability 
can be extended beyond a projection model, for example: 

-  ‘Sub-models’ can be created for specific health 
worker cadres such as the CHW ‘sub-model’ in this 
study 

- Country-specific modelling with more disaggregated 
and localized data collection and analyses 

- Further investigation into the effect of wages and 
task-shifting on HRH supply 

 
See the policy briefer for more insight into potential next 
steps.  
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TABLE 19 COMPARISON OF LIU ET AL. LABOR MARKET PROJECTIONS AND CHAMPS FOR 84 LMICS AND GHANA FOR 2030 
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VII Conclusion 
The goal of this research was first to create a global 
econometric model that explains the influence of economic, 
epidemiologic, and demographic transitions on the demand 
and supply of human resources in health. This research first 
concludes that given the projected EED trends, demand of 
health workers will not meet the supply within LMICs. This 
gap will leave a shortage of 4.4 million health workers in 
2020, increasing to 5.9 million health workers by 2030. In 
addition, this research found that while economic, 
epidemiological, and demographic factors all influence both 
the demand and supply of health workers in LMICs, 
demographic trends (such as death rates and life expectancy), 
are the largest signals for HRH transformation. In addition, 
GDP and OOP per capita, as well as the change from 
infectious diseases to cardiovascular diseases, also have a 
strong influence on the demand of HRH.  

The projections from CHAMPS differ substantially from 
previous models, including Liu et al. Labor Market 
Projections. The new estimates of the demand for and supply 
of health workers by 2030 are substantially lower than 
former projections, hence more realistic given the 
governments’ fiscal space in LMICs. However, the shortage 
projected by CHAMPS is substantially larger because of a 
much more conservative supply estimate. We are confident 
in the robustness of our estimates, because CHAMPS 
incorporates the combined effect of economic, 
epidemiological, and demographic transitions instead of 
addressing them separately as in previous models. In addition, 
CHAMPS includes other important factors such as the role of 
technological advances as well as changes in the organization 
of health care delivery, all of which are likely to affect the 
demand for different types of health workers. Our approach 
improves HRH projections by addressing the limitations of 
previous models without compromising efficiency.  

Moreover, our estimation focuses on a sample of 84 LMICs 
(11 LMICs for the CHW analysis), which form a more 
homogenous group than the 165 countries included in the Liu 
et al. Labor Market Projections. The projected 2.2 million 
higher health worker shortage in LMICs for 2030 using 
CHAMPS should be more accurate than the estimates by Liu 
et al., because of our more comprehensive demand estimates, 
the inclusion of more HRH data and more conservative 
supply side estimates. 

For the first time, CHAMPS enables country-specific HRH 
projections using national or subnational data, which should 
produce more realistic estimates and lead to more feasible 
HRH policy options within a country’s resource and political 

context. Applying CHAMPS to data from Ghana projected a 
shortage for 2030 that is significantly lower than estimates 
derived from the Liu et al. Labor Market Projections. The 
Ghana country example also shows that additional factors, 
such as the introduction of the national health insurance 
scheme, have a significant impact on the demand for health 
workers.  

Global level modeling helps to inform HRH planning by 
bringing to light the inadequate coverage of essential health 
services, primarily in low and middle-income countries. 
However, it also can bring to light the opportunities, or the 
policy changes necessary, to shrink that gap. In addition, to 
create change primarily in countries transitioning from low to 
middle income countries, it will take substantial time and 
resources invested to educate and develop the appropriate 
skilled health workers, and therefore it is crucial to 
understand the factors that affect the size of this workforce. 

The application of CHAMPS to multi-country data should be 
used to inform HRH planning through broad understanding of 
the factors affecting the future demand and supply of the 
health workforce. To take this research further, we 
recommend exploring this modeling deeper at a country-
level, with insights and participation from country-level 
policymakers as well as country-specific data sources to delve 
deeper into EED elasticities on HRH demand. In addition, we 
recommend the creation of additional sub-models, such as 
that done with the CHW data, which could potentially be 
extrapolated to the multi-country model.   
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Annex B. Literature review methodology 
Literature available on HRH demand and supply is extensive, primarily due to the focus on human resources for 
bolstering WHO Sustainable Development Goals and the Universal Health Coverage goals, as well as the launch of 
the WHO HRH2030 campaign. Overall, 56 articles were analyzed (listed below). The articles are divided into two 
categories: 1) studies extracted for indicator, data source, approach and model analysis (30 articles), and 2) 
literature to guide and frame the conceptual framework (26 articles). Overall, 39 frameworks with 23 indicators, 
which were used to model human resource needs in the middle - to long term time frames, were extracted.  

While this was not an exhaustive search, the scope of the search was wide, to accommodate both peer-reviewed 
articles with HRH projections as well as qualitative research on the effects of EED on the health labor market. In 
addition to the literature review, two other products were created to assist in the subsequent creation of the 
HRH2030 conceptual framework and model: 

 Annotated bibliography of articles that provided descriptions of frameworks and econometric model 
configuration that include the type of model used, the level of econometric/statistical analysis, and 
indicator categories used (economic, demographic, epidemiological, and labor market).  

 Matrix of indicators and methodologies used in the models that allows for compilation, search-ability and 
analysis of the data type and source used within each model, to assist in the definition of the variables as 
well as the methodology behind our projection model. 

 
Inventory of datasets and variables used in the models which will support the adoption of a framework and 
development of an econometric model by linking indicators to the available data sources with some description of 
availability and scope. 

Existing models, frameworks, and tools that have been used by a wide variety of countries for HRH planning and 
projection, including the effectiveness and limitations of these efforts, were reviewed to understand how this 
problem has been approached in the past and to ensure this work builds on lessons learned and creates new value 
in this space. The following questions have guided the literature review: 

 What are the existing approaches, tools, timeframes (length of planning cycles), data, team compositions, 
resources, benefits, and challenges to health workforce planning? 

 What labor market frameworks have been used to show the links between supply, demand, and other 
systems factors? 

 What tools and models have been used for projecting HRH needs and informing policies and strategies 
that reduce current and future gaps between HRH demand and supply? 

 What factors determine country investments in HRH and how are EED transitions taken into account? 
 
This literature review first used common electronic databases, Google Scholar, PubMed, and Web of Science, to 
search for peer-reviewed articles. The following key terms were used for searching: 

 Health human resources, HRH, human resources for health, health workforce, healthcare workers, health 
workers, health labor, labor market, health labor market, doctors, physicians, nurses, midwives, OR 

 Economic, epidemiologic, demographic, transitions, case burdens, HIV, malaria, maternal and child health, 
LMIC, low-income countries, low- and middle- income countries OR 

 Planning, forecasting, modeling, projecting, supply, demand, dynamic, task-sharing, vertical task-shifting, 
horizontal task-shifting, cadre mix, training, dynamic modelling. 

 
References from the initially found articles were also examined for additional peer-reviewed articles and grey 
literature. This search included research on LMIC as well as HIC countries to help define the scope of models and 
indicators used in labor market projections. Articles before 2005 were excluded (barring three articles that were  

widely referenced throughout the literature). 
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In addition to published literature, grey literature on HRH demand and supply, as well as labor market dynamics, 
were analyzed from the WHO, World Bank, Management Sciences for Health, USAID, and International Monetary 
Fund (IMF). Consultations with experts in the field were also held to ensure all appropriate literature was included. 

 

Author Title Journal Year 
of 

pub. 

Babigumira Potential impact of task-shifting on costs of antiretroviral 
therapy and physician supply in Uganda 

BMC Health 
Services 
Research 

2009 

Barber Forecasting the need for medical specialists in Spain: 
application of a system dynamics model 

Human 
Resources for 
Health 

2010 

Bloom The effect of health on economic growth: a production 
function approach 

World 
Development 

2004 

Campbell Human resources for health and universal health 
coverage: fostering equity and effective coverage 

WHO Bulletin 2013 

Chami A template for analyzing and projecting labor market 
indicators 

IMF 2012 

Cometto Health workforce needs, demands, and shortages to 
2030: an overview of forecasted trends in the global 
health labor market 

WHO 2016 

Fereshteh A prediction of the geriatric specialists for elder in Iran Walia Journal 2015 

Fulton Health workforce skill mix and task shifting in low 
income countries: a review of recent evidence 

Human 
Resources for 
Health 

2011 

Goodell Modeling solutions to Tanzania's physician workforce 
challenge 

Global Health 
Action 

2016 

Gupta Human resources for maternal, newborn and child 
health: from measurement and planning to performance 
for improved health outcomes 

Human 
Resources for 
Health 

2011 

Hagopian What if we decided to take care of everyone who 
needed treatment? Workforce planning in Mozambique 
using simulation of demand for HIV/AIDS care 

Human 
Resources for 
Health 

2008 

James Health and inclusive growth: changing the dialogue WHO 2016 
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Author Title Journal Year 
of pub. 

Jansen Realizing universal health coverage for maternal health 
services in the Republic of Guinea: the use of workforce 
projections to design health labor market interventions 

Risk 
Management 
Healthcare 
Policy 

2014 

Kober Public sector nurses in Swaziland: can the downturn be 
reversed 

Human 
Resources for 
Health 

2006 

Lethbridge Public sector reform and demand for HRH Human 
Resources for 
Health 

2004 

Liu Global Health Workforce Labor Market Projections for 
2030 

Human 
Resources for 
Health 

2017 

McPake Why do health labor market forces matter? WHO 2013 

Naimoli A community health worker "logic model": towards a 
theory of enhanced performance in low- and middle-
income countries 

Human 
Resources for 
Health 

2014 

Scheffler Forecasting the global shortage of physicians: an 
economic- and needs-based approach 

WHO Bulletin 2008 

Scheffler Estimates of health care professional shortages in sub-
Saharan Africa by 2015 

Health Affairs 2009 

Scheffler Health labor market analyses in low- and middle-income 
countries: an evidence-based approach 

World Bank 
Group 

2016 

Scheffler Health workforce requirements for universal health 
coverage and the sustainable development goals 

WHO 2016 

Senese Forecasting future needs and optimal allocations of 
medical residency positions: the Emilia-Romagna Region 
case study 
 

Human 
Resources for 
Health 

2015 

Soucat The labor market for health workers in Africa: A new 
look at the crisis 

World Bank 2013 

Author Title Journal Year 
of 
pub. 
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Sousa Health labor market policies in support of universal 
health coverage: a comprehensive analysis in 4 African 
countries 

Human 
Resources for 
Health 

2014 

Squires Examining the influence of country-level and health 
system factors on nursing and physician personnel 
production. 

Human 
Resources for 
Health 

2016 

Tjoa Meeting human resources for health staffing goals by 
2018: a quantitative analysis of policy options in Zambia 

Human 
Resources for 
Health 

2010 

Tomblin Needs-based human resources for health planning in 
Jamaica: using simulation modelling to inform policy 
options for pharmacists in the public sector 

Human 
Resources for 
Health 

2014 

Tyrrell Costing the scale-up of human resources for health: 
lessons from Mozambique and Guinea Bissau 

Human 
Resources for 
Health 

2010 

Van Damme Scaling-up antiretroviral treatment in Southern African 
countries with human resource shortage: how will 
health systems adapt? 

Social Science & 
Medicine 

2008 
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Annex C. List of LMICs 
 

East Asia Europe LAC MENA South Asia 

Cambodia Armenia Bolivia Djibouti Afghanistan 

Indonesia Georgia El Salvador Egypt, Arab 
Rep. 

Bangladesh 

Kiribati Kosovo Guatemala Jordan Bhutan 

Korea, DPR Kyrgyz Republic Haiti Morocco India 

Lao PDR Moldova Honduras Syrian Arab 
Republic 

Nepal 

Micronesia Tajikistan Nicaragua Tunisia Pakistan 

Mongolia Ukraine 
 

West Bank, 
Gaza 

Sri Lanka 

Myanmar        Uzbekistan     Yemen, Rep. 

Papua New 
Guinea 

    

Philippines 
    

Solomon 
Islands 

    

Timor-Leste 
    

Vanuatu 
    

Vietnam 
    

Sub-Saharan Africa 

Angola Ghana Senegal 

Benin Guinea Sierra Leone 

Burkina Faso Guinea-Bissau Somalia 

Burundi Kenya South Sudan 

Cabo Verde Lesotho Sudan 

Cameroon Liberia Swaziland 

Central African 
Republic 

Madagascar Tanzania 

Chad Malawi Togo 

Comoros Mali Uganda 

Congo, Dem. Rep. Mauritania Zambia 

Congo, Rep. Mozambique Zimbabwe 

Cote d'Ivoire Niger 
 

Eritrea Nigeria 
 

Ethiopia Rwanda 
 

Gambia, The Sao Tome and Principe 
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Annex D. Complete list of variables collected for 
analysis 

 

Indicators 
Data 

collected for 
model 

Used 
in 

model 
 Sources 

 
GDP/GDPPP 

    

  
Total x 

  
World Bank WDI database 

  
Per capita x x   World Bank WDI database 

 
Health expenditures 

    

  
Total 

    

  
Public, total 

    

  
Private, total 

    

  
Total, per capita 

    

  
Public, per capita 

    

  
Private, per capita 

    

  
Current (% of GDP) x 

  
World Bank WDI database 

  
Public (% of GDP) x 

  
World Bank WDI database 

  
Private (% of GDP) x 

  
World Bank WDI database 

  
Public, % of total health 
expenditure 

x 
  

World Bank WDI database 

  
Public, % of government 
expenditure 

x 
  

World Bank WDI database 

  
Private, % of government 
expenditure 

x 
  

World Bank WDI database 

 
Out of pocket expenditures  

    

  
Per capita  x x   World Bank WDI database 

  
As a % of private expenditure on 
health 

x 
  

World Bank WDI database 

  
% of total expenditure on health x 

  
World Bank WDI database 

  
Proportion of population 
spending more than 25% of 
household consumption or 
income on out-of-pocket health 
care expenditure (%) 

 
 

x 
  

World Bank WDI database 
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Measurement of debt 

    

  
Present value of external debt 
(total and as % of GNI) 

x 
  

World Bank, Global 
Development Finance 

  
Short-term debt (% of total 
external debt) 

x 
  

World Bank, Global 
Development Finance 

  
Debt service (PPG and IMF only, % 
of exports of goods, services and 
primary income) 

x 
  

World Bank, Global 
Development Finance 

  
Disbursements on external debt, 
long-term + IMF (DIS, current US$) 

x 
  

World Bank, Global 
Development Finance 

Epidemiological       
 

 
Incidence of: 

    

  
Diarrhea x 

  
IHME 

  
HIV x x   IHME 

  
Malaria x x   IHME 

  
Lower Respiratory infection x 

  
IHME 

  
Tuberculosis x 

  
IHME 

  
CVD x x   IHME 

 
Prevalence of: 

    

  
Diarrhea x 

  
IHME 

  
HIV x 

  
IHME 

  
Malaria x 

  
IHME 

  
Lower Respiratory infection x 

  
IHME 

  
Tuberculosis x 

  
IHME 

  
CVD x 

  
IHME 

 
Mortality rate 

    

  
Diarrhea x 

  
IHME 

  
HIV x 

  
IHME 

  
Malaria x 

  
IHME 

  
Lower Respiratory infection x 

  
IHME 

  
Tuberculosis x 

  
IHME 

  
CVD x 

  
IHME 

  
Caused by road traffic injury (per 
100,000 people) 

 
 

x 
  

World Bank WDI database 
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Vaccine coverage 

    

  
DTP3 x 

  
IHME 

  
Pol3 x 

  
IHME 

  
MCV2 x 

  
IHME 

  
HepB x 

  
IHME 

  
Hib x 

  
IHME 

  
BCG x 

  
IHME 

  
Measles x 

  
IHME 

 
mCPR x 

  
FP2020 

 
Sustainable Development Goals' 
coverage indicators 

    

 
Provision of treatment and care by 
type of health worker 

    

 
% of births with a skilled birth 
attendant 

    

Demographic       
 

 
Population 

    

  
Total x 

  
UNDP - World Population 
Prospects 2017 

  
Ages 0-14 (%of total) x 

  
World Bank WDI database 

  
Ages 15-64 (% of total) x x   World Bank WDI database 

  
Ages 65 and above (% of total) (by 
total, female and male) 

x x   World Bank WDI database 

  
By gender 

    

  
Growth rate (annual %) x 

  
UNDP - World Population 
Prospects 2017 

 
Urban/rural population 

    

  
Urban population (% of total) x x   World Bank WDI database 

  
Urban population growth (annual 
%) 

x 
  

World Bank WDI database 

 
Life expectancy x x   World Bank WDI database 

  
Of female, male and total x 

  
World Bank WDI database 

 
Birth rate (per 1,000 people) x 

  
WHO Global Observatory 
Health Database 

 
Fertility rates (births per woman) x 

  
WHO Global Observatory 
Health Database 
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DALYs x x   IHME 

 
Death rate (per 1,000 people) x 

  
WHO Global Observatory 
Health Database 

 
Mortality rate 

    

  
Total (per 1,000 population) x x   WHO Global Observatory 

Health Database 
  

Female adult (per 1,000 female 
adults) 

x 
  

WHO Global Observatory 
Health Database 

  
Male adult (per 1,000 male 
adults) 

x 
  

WHO Global Observatory 
Health Database 

  
Neonatal (per 1,000 live births) x 

  
WHO Global Observatory 
Health Database 

  
Infant (per 1,000 live births) x 

  
WHO Global Observatory 
Health Database 

  
Under 5 (per 1,000 live births) x 

  
WHO Global Observatory 
Health Database 

 
Maternal mortality ratio x 

  
WHO Global Observatory 
Health Database 

 
Gender empowerment 

    

 
Employment 

    

  
Informal employment (% of total 
non-agricultural employment) (of 
total, female and male 

x 
  

ILO database 

 
Retirement rates 

    

 
Migration 

    

  
Emigration rate of tertiary 
educated (% of total tertiary 
education population) 

x 
  

World Bank WDI database 

  
Net migration x 

  
World Bank WDI database 

 
Education variables 

    

  
Adult literacy rate, population 15+ 
years, total (%) 

x 
  

World Bank WDI database 

  
Adult illiterate population, 15+ 
years, (by female, male, and total) 

x 
  

World Bank WDI database 

  
Percentage of graduates from 
tertiary education graduating 
from Health and Welfare 
programmes, both sexes (%) 

x 
  

World Bank WDI database 
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% of population ages 15-49 having 
comprehensive correct 
knowledge about HIV (2 prevent 
ways and reject 3 misconceptions) 
- (by female, male) 

x 
  

World Bank WDI database 

  
Comprehensive correct 
knowledge of HIV/AIDS (by age 
and by gender) 

x 
  

World Bank WDI database 

  
Percentage of population with 
tertiary schooling (by female, 
male, and total) 

x 
  

World Bank WDI database 

  
Enrolment in post-secondary non-
tertiary education, both sexes 
(number) 

x 
  

World Bank WDI database 

  
Gross enrolment ratio, post-
secondary non-tertiary, both 
sexes (%) 

x 
  

World Bank WDI database 

Proxies         
 

 
Access to electricity 

    

  
% of population x x   World Bank WDI database 

  
% of rural population x 

  
World Bank WDI database 

  
% of urban population x 

  
World Bank WDI database 

 
Mobile cellular subscriptions 

    

  
Total x 

  
World Bank WDI database 

  
Per 100 people x 

  
World Bank WDI database 

 
Governance indicators 

    

  
Control of Corruption x 

  
World Bank World Governance 
Indicators 

  
Rule of Law x 

  
World Bank World Governance 
Indicators 

  
Governemnt Effectiveness x 

  
World Bank World Governance 
Indicators 

  
Political Stability and Absence of 
Violence/Terrorism 

x 
  

World Bank World Governance 
Indicators 

  
Voice and Accountability x 

  
World Bank World Governance 
Indicators 

 
 

Projections       
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Birth rate (per 1,000 people) x 

  
United Nations Population 
Division. World Population 
Prospects, 

 
Death rate (per 1,000 people) x 

  
United Nations Population 
Division. World Population 
Prospects, 

 
Fertility rate  x 

  
United Nations Population 
Division. World Population 
Prospects, 

 
Life expectancy at birth, total  x 

  
United Nations Population 
Division. World Population 
Prospects, 

 
Mortality rate, female adult (per 
1,000 female adults) 

x 
  

United Nations Population 
Division. World Population 
Prospects, 

 
Mortality rate, male adult (per 1,000 
male adults) 

x 
  

United Nations Population 
Division. World Population 
Prospects, 

 
Mortality rate, neonatal (per 1,000 
live births) 

x 
  

United Nations Population 
Division. World Population 
Prospects, 

 
Mortality rate, under 5 (per 1,000) x 

  
United Nations Population 
Division. World Population 
Prospects, 

 
Net migration x 

  
United Nations Population 
Division. World Population 
Prospects, 

 
Population ages 15-64 (%) x 

  
United Nations Population 
Division. World Population 
Prospects, 

 
Population ages 65 andabove (% of 
total) 

x 
  

United Nations Population 
Division. World Population 
Prospects, 

 
Population, total x 

  
United Nations Population 
Division. World Population 
Prospects, 

 
Urban population x 

  
United Nations Population 
Division. World Population 
Prospects, 

 
GDP per capita, current prices x 

  
World Bank WDI database 
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Annex E. Econometric modeling methodology 
 
Demand model empirical specification 

Direct estimation: We first define some notation. Let  𝑖𝑖 = 1, … ,𝑁𝑁 index countries and 𝑡𝑡 = 1, … ,𝑇𝑇 index time 
periods. There will be 2 equations and 𝐾𝐾 time-varying exogenous variables. (We rule out lagged endogenous 
variables, and in this section, we also rule out time-invariant exogenous variables, since they would disappear under 
within transformation.)  

 The economic model specifies joint physician and nurses/midwives densities (dependent variables) as follows 

 

𝑦𝑦𝑖𝑖𝑖𝑖1 = 𝑋𝑋𝑖𝑖𝑖𝑖′ 𝛼𝛼1 + 𝑍𝑍𝑖𝑖𝑖𝑖′ 𝛽𝛽1 + 𝑊𝑊𝑖𝑖𝑖𝑖
′ 𝛾𝛾1 + 𝜇𝜇𝑖𝑖1 + 𝜀𝜀𝑖𝑖𝑖𝑖1           (1) 

 

𝑦𝑦𝑖𝑖𝑖𝑖2 = 𝑋𝑋𝑖𝑖𝑖𝑖′ 𝛼𝛼2 + 𝑍𝑍𝑖𝑖𝑖𝑖′ 𝛽𝛽2 + 𝑊𝑊𝑖𝑖𝑖𝑖
′ 𝛾𝛾2 + 𝜇𝜇𝑖𝑖2 + 𝜀𝜀𝑖𝑖𝑖𝑖2        (2) 

 

where the dependent variables 𝑦𝑦𝑖𝑖𝑖𝑖1  and 𝑦𝑦𝑖𝑖𝑖𝑖2  are log numbers of physicians and nurses/midwives per 1000 
populations in country 𝑖𝑖 and year 𝑡𝑡, respectively.  The vector of covariates 𝑋𝑋𝑖𝑖𝑖𝑖 = (𝑋𝑋𝑖𝑖𝑖𝑖1, … ,𝑋𝑋𝑖𝑖𝑖𝑖𝑘𝑘1)′ is the k1-vector 
of economic transition variables, 𝑍𝑍𝑖𝑖𝑖𝑖 = (𝑍𝑍𝑖𝑖𝑖𝑖1, … ,𝑍𝑍𝑖𝑖𝑖𝑖𝑘𝑘2)′ is the k2-vector of epidemiologic transition variables, and 

𝑊𝑊𝑖𝑖𝑖𝑖 = (𝑊𝑊𝑖𝑖𝑖𝑖1, … ,𝑊𝑊𝑖𝑖𝑖𝑖𝑘𝑘3)′ is the k3-vector of demographic transition variables. The parameters    𝛼𝛼𝑗𝑗, 𝛽𝛽𝑗𝑗 , and  𝛾𝛾𝑗𝑗 , 𝑗𝑗 =

1, 2, are the corresponding elasticities to be estimated, while     𝜇𝜇𝑖𝑖
𝑗𝑗 , 𝑗𝑗 = 1, 2, are vectors of dummy variables 

coefficients by country (i.e. country fixed-effects) that account for constant differences in characteristics across 

countries. The disturbance terms 𝜀𝜀𝑖𝑖𝑖𝑖
𝑗𝑗 ,  𝑗𝑗 = 1, 2, are assumed to satisfy the following standard assumptions: 

 

𝐸𝐸�𝜀𝜀𝑖𝑖𝑖𝑖
𝑗𝑗 |𝑋𝑋𝑖𝑖𝑖𝑖′ ,𝑍𝑍𝑖𝑖𝑖𝑖′ ,𝑊𝑊𝑖𝑖𝑖𝑖

′ � = 0;   𝐸𝐸�(𝜀𝜀𝑖𝑖𝑖𝑖
𝑗𝑗 )2|𝑋𝑋𝑖𝑖𝑖𝑖′ ,𝑍𝑍𝑖𝑖𝑖𝑖′ ,𝑊𝑊𝑖𝑖𝑖𝑖

′ � = 𝜎𝜎𝑗𝑗,𝑗𝑗 ,   

 

𝐸𝐸�𝜀𝜀𝑖𝑖𝑖𝑖
𝑗𝑗 𝜀𝜀𝑖𝑖′𝑖𝑖

𝑗𝑗 |𝑋𝑋𝑖𝑖𝑖𝑖′ ,𝑍𝑍𝑖𝑖𝑖𝑖′ ,𝑊𝑊𝑖𝑖𝑖𝑖
′ � = 0,   𝑖𝑖𝑜𝑜 𝑖𝑖 ≠ 𝑖𝑖′;    

 

𝐸𝐸�𝜀𝜀𝑖𝑖𝑖𝑖
𝑗𝑗 𝜀𝜀𝑖𝑖𝑖𝑖′

𝑗𝑗 |𝑋𝑋𝑖𝑖𝑖𝑖′ ,𝑍𝑍𝑖𝑖𝑖𝑖′ ,𝑊𝑊𝑖𝑖𝑖𝑖
′ � = 0,   𝑖𝑖𝑜𝑜 𝑡𝑡 ≠ 𝑡𝑡′ 

 

In addition, we assume a possible cross-equation dependence between physicians and nurses/midwives equations 

captured by a covariance coefficient  𝜎𝜎1,2 such that 𝐸𝐸[𝜀𝜀𝑖𝑖𝑖𝑖1 𝜀𝜀𝑖𝑖𝑖𝑖2 ] = 𝜎𝜎1,2.  Hence, the error covariance matrix of the 

system takes the form 

 

Ω = 𝐸𝐸[𝜀𝜀𝜀𝜀′] = �𝜎𝜎
11𝐼𝐼𝑁𝑁𝑁𝑁 𝜎𝜎12𝐼𝐼𝑁𝑁𝑁𝑁

𝜎𝜎12𝐼𝐼𝑁𝑁𝑁𝑁 𝜎𝜎22𝐼𝐼𝑁𝑁𝑁𝑁
� 

 

where 𝐼𝐼𝑁𝑁𝑁𝑁 is the identity matrix of size 𝑁𝑁𝑇𝑇, and 𝜎𝜎12,𝜎𝜎11,𝜎𝜎22, are covariance parameters to be estimated. 
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Following Liu et al. 2016, we set the vector of economic variables 𝑋𝑋𝑖𝑖𝑖𝑖 to include logs of GDP per capita and OOP 
per capita. In this framework, we also add a proxy for technology advances as well as other economic factors such 
as the size of the informal sector for health professions or indicators for women empowerment. Indeed, previous 
research found that indicators of gross domestic product or national income are the best predictors of health 
expenditures, of which, labor is the main driver (Cooper et al. 2003, Getzen 1990, Newhouse 1977, Plaff 1990). 
Epidemiologic variables 𝑍𝑍𝑖𝑖𝑖𝑖 include the prevalence of major infectious diseases and non-communicable diseases, 
vaccine coverage, SDG coverage indicators. Demographic factors 𝑊𝑊𝑖𝑖𝑖𝑖 include the size of the population over 65 
years, mortality and fertility rates, migration, urban population, and life expectancy. All independent variables will 
be logged and lagged up to 5 years. This will allow not only to deal with potential endogeneity but will also ensure 
that historical values of these factors predict future health worker density numbers. This also gives enough time 
for these factors to work their way through the economy and affect the labor market. To select the correct 
combination of year lags of the different predictors, a stepwise approach based on information criteria that 
maximize the predictive power of each variable will be used. 

 
Key issue 1: Task shifting 
Introduce in the Nurses/midwives equation lagged values of the number of physicians as additional explanatory 
variables. This means lagged values of 𝑦𝑦𝑖𝑖𝑖𝑖1  (say, 𝑦𝑦𝑖𝑖𝑖𝑖−11  ) are added on the right-hand side of equation (2). The 
parameter of interest is therefore the estimated coefficient of 𝑦𝑦𝑖𝑖𝑖𝑖−11  in the regression, that is,  𝜕𝜕𝜕𝜕[𝑦𝑦𝑖𝑖𝑖𝑖

1 |𝑥𝑥,𝑤𝑤,𝑧𝑧]
𝜕𝜕𝑦𝑦𝑖𝑖𝑖𝑖−1

1  , which 
measures the average increase in the demand of nurses when the number of physicians needed drops by one unit, 
ceteris paribus.  

 
Key issue 2: Technology  
The system of equations (1)-(2) will be fitted through the generalized method of moments (GMM) estimation. 
Estimated coefficients from the regression model will be interpreted as estimated elasticities and will play a key 
role for the projection of demand as explained below. 

Alternative model specifications will be explored. For example, we will consider different ways in which 
explanatory variables could be calculated (e.g., mortality rate, incidence of diseases, etc.), or add quadratic and/or 
interaction terms to the equations.  

The appropriate model will be selected not only based on goodness of fit statistics, but also based on predictive 
power. For the latter, we will split the data into two subsamples, an initial estimation sample with about 80 percent 
of the dataset, and an evaluation sample with the remaining 20 percent, which will be used to assess the precision 
of predicted values resulting from different specifications. The preferred model will be the one with the smallest 
root means squared predicted error defined by:  

 

𝑅𝑅𝑅𝑅𝑅𝑅𝐸𝐸𝑗𝑗 = �∑ (𝑦𝑦�𝑖𝑖𝑖𝑖
𝑗𝑗 − 𝑦𝑦𝑖𝑖𝑖𝑖

𝑗𝑗  )2𝑖𝑖,𝑖𝑖

𝑁𝑁𝑇𝑇
, 𝑗𝑗 = 1,2 

 

where 𝑦𝑦�𝑖𝑖𝑖𝑖
𝑗𝑗  are the fitted values and 𝑦𝑦𝑖𝑖𝑖𝑖

𝑗𝑗  are the actual values. 

To deal with missing data points for health worker densities, we will linearly interpolate them between any two 
real data points. If historical data for our explanatory variables are completely missing for a given country, we will 
use mean yearly values for the specific World Bank region and income group combination to which the country 
belong as substitutes. We do not plan to make any adjustments for missing data in countries where data for most 
of our explanatory variables (e.g. GDP per capita; population, etc.) are not available, and will therefore exclude 
those from our estimations. We expect those cases to be infrequent.  
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Key Issue 3: Wage elasticities 
However, since we are particularly also concerned with the elasticity of demand/supply to wages, one solution is 
to use an instrumental variables approach. That means finding a variable that can only affect supply through wages 
(exclusion-restriction) and then run a two-stage least squares (2SLS) regression. The first stage consists in running 
a wage regression on the instruments, and the second stage consists in including the predicted value of the first 
stage as an explanatory variable in the demand/supply equation. The resulting coefficient can then be regarded as a 
bias-corrected elasticity of demand/supply to wages. (This is the same idea as the Inverse Mills ratio correction in 
two-steps sample selectivity models).  

The first stage regression is the wage regression equation defined by 

ln𝜔𝜔𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑖𝑖𝑖𝑖′ 𝜋𝜋 + 𝑇𝑇�𝑖𝑖𝑖𝑖′𝜃𝜃 + 𝑢𝑢𝑖𝑖𝑖𝑖 

where 𝑇𝑇𝑖𝑖𝑖𝑖 = [𝑋𝑋𝑖𝑖𝑖𝑖  𝑍𝑍𝑖𝑖𝑖𝑖  𝑊𝑊𝑖𝑖𝑖𝑖 ]′ and 𝑇𝑇�𝑖𝑖𝑖𝑖 is the set of exclusion restrictions. The second stage regression uses the 
predicted values of the first stage as additional explanatory variables in the equations (1)-(2) above. 

To implement this idea, we need to select the variables to include in the wage regressions that may not affect the 
demand/supply directly. These are the exclusion-restrictions. We use indicators of political stability and other 
political variables (such as government corruption/effectiveness, external debt, participation in the IMF structural 
adjustment programs, etc.). It is well established in the literature on the politics of the minimum wage that 
politicians might favour or oppose minimum wage increases depending on the overall macroeconomic performance 
in each region (e.g. Card and Krueger 1995). We use a similar argument in support of our political variables.  

 

Demand model projection 

After specifying and estimating the appropriate demand model, estimated coefficients from the regression model 
can be applied to the future values of each predictor variable to compute the future predicted health worker 
density. Predicted values of logged physician and nurses/midwives densities from this model can then be 
transformed with an antilog and multiplied by a correction factor to account for the skewness of the distribution. 
Future values of physicians and nurses/midwives per 1000 population can then be multiplied by projected total 
population size in each year to obtain the absolute number of physicians and nurses/midwives.  

To estimate the future demand of all other health workers, we apply a constant multiplier by income level to the 
combined demand densities of physicians and nurses/midwives to obtain estimates of all other health worker 
demand densities. This is done by calculating the ratio of all other health workers to physicians and 
nurses/midwives for each country using the WHO Global Atlas data, and then multiplying this ratio by the number 
of physicians and nurses/midwives estimated. Projected population size is then used to calculate the corresponding 
numbers of workers that will be demanded. The number of physicians, nurses/midwives, and all other workers are 
then summed to obtain an aggregate estimate of the number of total health workers demanded. 

 

Supply model empirical specification 

Ideally, we would want to use a regression approach that uses information on the current stock, entries, attrition, 
demographics, training, and labor force participation patterns of health professionals. However, this information is 
hardly available in LIMCs data, hence our method can only use current stock as the main information. We consider 
two approaches for estimating and projecting supply. 

The first follows existing studies and is based on the historical growth of physicians per capita in each country (Liu 
et al 2016, Scheffler 2008). They projected the future supply of physicians and nurses/midwives per 1000 
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population for each country between 2013 and 2030, based on historical trends via a simple linear projection. The 
underlying assumption being that growth rate of physicians and nurses/midwives numbers will remain constant 
over time for each country so that the supply will keep growing at the historical trend.  However, most 
populations are constrained by limitations on resources, even in the short run, and none is unconstrained forever.  
In fact, an admitted weakness in Liu et al. (2016) is that long horizon projections of supply were found to be too 
large in many countries and needed to be addressed by the authors in an ad-hoc way. 

In this study, we therefore take another route and assume that the growth rate of physicians and nurses/midwives 
may not be constant over time. In particular, we assume that the supply of health workers may be nonlinear with 
an S-shaped feature, consisting of a slow early supply stage, followed by a phase of rapid adoption, which then tails 
off as the health worker population becomes saturated (e.g. Meade 1988, Nguimkeu & Rekkas 2011). At any point 
in time, each country could be at a particular stage of this curve. For each country 𝑖𝑖 = 1, … ,𝑁𝑁, the density of 
physicians and nurses/midwives is then modeled using a logistic trend curve defined by 

 

Physicians per 1000 populationit = 𝛽𝛽0𝑖𝑖 [1 + 𝛽𝛽1𝑖𝑖 exp(−𝛽𝛽2𝑖𝑖𝑦𝑦𝑦𝑦𝑦𝑦𝑟𝑟𝑖𝑖)]−1 + 𝑢𝑢𝑖𝑖𝑖𝑖 

 

Nurses/Midwives per 1000 populationit = 𝛼𝛼0𝑖𝑖 [1 + 𝛼𝛼1𝑖𝑖 exp(−𝛼𝛼2𝑖𝑖 𝑦𝑦𝑦𝑦𝑦𝑦𝑟𝑟𝑖𝑖)]−1 + 𝑣𝑣𝑖𝑖𝑖𝑖 

 

The parameter 𝛽𝛽0𝑖𝑖  (respectively, 𝛼𝛼0𝑖𝑖 ) represents the maximum size that the supply of physicians (respectively, 
nurses/midwives) can reach with the available resources in the long run. The parameter 𝛽𝛽1𝑖𝑖  (respectively, 𝛼𝛼1𝑖𝑖 ) 
reflects the relative size of the physicians (respectively, nurses/midwives) at time t = 0, and the parameter 𝛽𝛽2𝑖𝑖  
(respectively, 𝛼𝛼2𝑖𝑖 ) controls the growth rate of the population of physicians (respectively, nurses/midwives). All 
these parameters are to be estimated. The disturbance terms 𝑢𝑢𝑖𝑖𝑖𝑖 and 𝑣𝑣𝑖𝑖𝑖𝑖 are first assumed to be spherical, 
although we will relax this assumption later on to examine possible serial correlation structures. 

Our approach will be compared with both the exponential growth model discussed in the previous literature, as 
well as the Gompertz growth model, another competitive growth model whose features are similar to the Logistic 
growth model (Martino 2003). For the former, the comparison will be performed using both the goodness of fit 
and the predictive power measured by the root mean squared errors as earlier. For the latter, the comparison will 
be made using the model selection tests proposed by Franses (1994) and Nguimkeu (2014).  

Supply projection 
Projecting the supply numbers of physicians and nurses/midwives based on the estimated model is straightforward. 
Using the estimated coefficients, we can project supply densities of physicians/midwives for future years up to 
2030. The projected supply of physicians and nurses/midwives per 1000 population for each future year is then 
multiplied by projected population in that year to obtain the absolute numbers of physicians and nurses/midwives. 
The formula is as follows:  

𝑁𝑁𝑢𝑢𝑁𝑁𝑁𝑁𝑦𝑦𝑟𝑟 𝑜𝑜𝑜𝑜 𝑤𝑤𝑜𝑜𝑟𝑟𝑤𝑤𝑦𝑦𝑟𝑟𝑠𝑠𝑖𝑖𝑖𝑖 = 𝑊𝑊𝑜𝑜𝑟𝑟𝑤𝑤𝑦𝑦𝑟𝑟𝑠𝑠 𝑝𝑝𝑦𝑦𝑟𝑟 1000 𝑝𝑝𝑜𝑜𝑝𝑝𝑢𝑢𝑝𝑝𝑦𝑦𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛𝑖𝑖𝑖𝑖 ∗  𝑃𝑃𝑜𝑜𝑝𝑝𝑢𝑢𝑝𝑝𝑦𝑦𝑡𝑡𝑖𝑖𝑜𝑜𝑛𝑛 𝑖𝑖𝑛𝑛 𝑦𝑦𝑦𝑦𝑦𝑦𝑟𝑟 𝑡𝑡/1000 

Constant multipliers by income level are then applied to the combined supply densities of physicians and 
nurses/midwives to obtain supply density estimates of all other health workers. Projected population size is then 
used to calculate the corresponding numbers of workers of each cadre that could be supplied for each future year 
in each country.  

We will also analyze our projections to make sure that the results are reasonable (e.g. outlier issues). In certain 
cases, special treatment will be given to particular countries if there are data problems or predicted growth rates 
or densities are implausible. In countries where no empirical data for nurses/midwives are available, but 
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information on physicians are, we will apply a global nurse/midwife-to-physician ratio to obtain the estimate for 
nurse/midwife density (and vice-versa).  

Similar to the exponential growth model, our supply projections based on the logistic model assume the supply 
growth is exogenous and only trends with time based on the historic trends.   This scenario implies a relatively 
rigid entry to the health labor market, which is likely the case in many countries.   

 

Variance and prediction intervals for demand/supply/shortage of health 
worker projections 

Recall that the health worker projections we provide are h-step ahead forecasts of the dependent variables generated 
from our estimated demand and supply models. Given the 𝑇𝑇 observations  𝑦𝑦1 … 𝑦𝑦𝑁𝑁 , The integer h is called the lead 
time or forecasting horizon (h for horizon). The point forecast of the value at time (𝑇𝑇 + ℎ) made using the data up 
to time 𝑇𝑇  is denoted by 𝑦𝑦�𝑁𝑁+ℎ , ℎ = 1,2, … ,𝑁𝑁.  

 

Prediction intervals for Demand and Supply of Physicians and Nurses/Midwives 

For a generic linear regression model defined by  𝑌𝑌𝑁𝑁 = 𝑋𝑋𝑁𝑁𝛽𝛽 + 𝜀𝜀𝑁𝑁 , with 𝑌𝑌𝑁𝑁 = (𝑦𝑦1 , … ,𝑦𝑦𝑁𝑁) and a 𝑇𝑇 × 𝐾𝐾 vector of 
regressors 𝑋𝑋𝑁𝑁 = (𝑥𝑥1′ , … , 𝑥𝑥𝑁𝑁′ ), a one-step ahead forecast is 𝑦𝑦�𝑁𝑁+1 which is based on the information set 𝐼𝐼𝑁𝑁 = (𝑌𝑌𝑁𝑁 ,𝑋𝑋𝑁𝑁). 
In the case where 𝑁𝑁 observations have been recorded to evaluate one-step ahead forecasts, the information set is 
advanced with each forecast. For example, 𝑦𝑦�𝑁𝑁+2 is based on 𝐼𝐼𝑁𝑁+1 and 𝑦𝑦�𝑁𝑁+3 is based on 𝐼𝐼𝑁𝑁+2. In other words, we 
keep the estimates of the parameters fixed for the sample 𝑡𝑡 = 1,2, … ,𝑇𝑇 while making one-step ahead forecasts for 
𝑦𝑦𝑁𝑁+1 to 𝑦𝑦𝑁𝑁+𝑚𝑚. 

 

We define a 100(1-α)% prediction interval for the h-steps ahead projection value by  

[𝑦𝑦�𝑁𝑁+ℎ − 𝑧𝑧𝛼𝛼
2

 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ) , 𝑦𝑦�𝑁𝑁+ℎ + 𝑧𝑧𝛼𝛼
2

 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ) ]        (1) 

where   𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ) is the estimated variance of the prediction error 𝑦𝑦𝑁𝑁+ℎ = 𝑦𝑦𝑁𝑁+ℎ − 𝑦𝑦�𝑁𝑁+ℎ, and 𝑧𝑧𝛼𝛼
2
 is the 100(1-α)th 

quantile of the standard normal distribution (or of the student-t distribution). 

To obtain the variance of the h-steps ahead prediction error, we use the estimated model, which implies that: 

  𝑦𝑦𝑁𝑁+ℎ = 𝑦𝑦𝑁𝑁+ℎ − 𝑦𝑦�𝑁𝑁+ℎ= 𝑥𝑥𝑁𝑁+ℎ′  (𝛽𝛽 − �̂�𝛽) + 𝜖𝜖𝑁𝑁+ℎ ,  

where �̂�𝛽 is the estimated parameter vector of the model using the initial sample  𝑡𝑡 = 1,2, … ,𝑇𝑇 

Hence  𝑉𝑉𝑦𝑦𝑟𝑟(𝑦𝑦𝑁𝑁+ℎ) = 𝑥𝑥𝑁𝑁+ℎ′  𝑉𝑉𝑦𝑦𝑟𝑟�𝛽𝛽 − �̂�𝛽�𝑥𝑥𝑁𝑁+ℎ + 𝑉𝑉𝑦𝑦𝑟𝑟(𝜖𝜖𝑁𝑁+ℎ) 

Given that 𝑉𝑉𝑦𝑦𝑟𝑟�𝛽𝛽 − �̂�𝛽� = 𝜎𝜎2(𝑋𝑋𝑁𝑁′ 𝑋𝑋𝑁𝑁)−1 and  𝑉𝑉𝑦𝑦𝑟𝑟(𝜖𝜖𝑁𝑁+ℎ) = 𝑉𝑉𝑦𝑦𝑟𝑟(𝜖𝜖𝑁𝑁) = 𝜎𝜎2 , we have 

𝑉𝑉𝑦𝑦𝑟𝑟(𝑦𝑦𝑁𝑁+ℎ) = 𝜎𝜎2[𝑥𝑥𝑁𝑁+ℎ′  (𝑋𝑋𝑁𝑁′ 𝑋𝑋𝑁𝑁)−1 𝑥𝑥𝑁𝑁+ℎ + 1] 

The estimated variance of the prediction error then follows by 

𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ) = 𝜎𝜎�2[𝑥𝑥𝑁𝑁+ℎ′  (𝑋𝑋𝑁𝑁′ 𝑋𝑋𝑁𝑁)−1 𝑥𝑥𝑁𝑁+ℎ + 1]             (2) 

where 𝜎𝜎�2 = �𝑌𝑌𝑇𝑇−𝑋𝑋𝑇𝑇 𝛽𝛽��
′
(𝑌𝑌𝑇𝑇−𝑋𝑋𝑇𝑇 𝛽𝛽�)

𝑁𝑁−𝐾𝐾
 is the estimated variance of the model with initial sample, and 𝐾𝐾 is the number of 

explanatory variables in this model.  
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Applied to the estimated demand and supply models for physicians and nurses/midwives discussed earlier, these 
formulas allow to compute the prediction intervals for these projections. 

Prediction Intervals for the Shortage/Surpluses of Physicians and Nurses/Midwives 

The above paragraph allows us to compute the prediction intervals for the demand and supply. Denote these a 
100(1-α)% prediction intervals for the h-steps ahead projection values by  

[𝑦𝑦�𝐷𝐷𝑁𝑁+ℎ − 𝑧𝑧𝛼𝛼
2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝐷𝐷 ) , 𝑦𝑦�𝐷𝐷𝑁𝑁+ℎ + 𝑧𝑧𝛼𝛼

2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝐷𝐷 ) ]  

and 

 [𝑦𝑦�𝑆𝑆𝑁𝑁+ℎ − 𝑧𝑧𝛼𝛼
2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑆𝑆 ) , 𝑦𝑦�𝑆𝑆𝑁𝑁+ℎ + 𝑧𝑧𝛼𝛼

2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑆𝑆 ) ]     

Where the superscript “D” stands for demand and the superscript “S” stands for supply. 

A 100(1-α)% prediction intervals for the h-steps ahead projected difference (shortage/surplus) between supply and 
demand is defined by 

[𝑦𝑦�𝑆𝑆𝑁𝑁+ℎ − 𝑦𝑦�𝐷𝐷
𝑁𝑁+ℎ

− 𝑧𝑧𝛼𝛼
2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑆𝑆 − 𝑦𝑦𝑁𝑁+ℎ𝐷𝐷 ) ,     𝑦𝑦�𝑆𝑆𝑁𝑁+ℎ − 𝑦𝑦�𝐷𝐷

𝑁𝑁+ℎ
+ 𝑧𝑧𝛼𝛼

2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑆𝑆 − 𝑦𝑦𝑁𝑁+ℎ𝐷𝐷 ) ]  

The variance term is defined by 

𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑆𝑆 − 𝑦𝑦𝑁𝑁+ℎ𝐷𝐷 ) = 𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑆𝑆 ) + 𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝐷𝐷 ) − 2𝑐𝑐𝑜𝑜𝑣𝑣(𝑦𝑦𝑁𝑁+ℎ𝑆𝑆 , 𝑦𝑦𝑁𝑁+ℎ𝑆𝑆 ) 

Where, 𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑆𝑆 ) and 𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝐷𝐷 ) are given by Equation (2) above (for supply and demand, respectively), and 
 𝑐𝑐𝑜𝑜𝑣𝑣(𝑦𝑦𝑁𝑁+ℎ𝑆𝑆 , 𝑦𝑦𝑁𝑁+ℎ𝑆𝑆 ) =0,  given the independence between the supply and the demand equations. 

Hence the 100(1-α)%   prediction interval for shortage/surplus of health workers is given by 

[𝑦𝑦�𝑆𝑆𝑁𝑁+ℎ − 𝑦𝑦�𝐷𝐷
𝑁𝑁+ℎ

− 𝑧𝑧𝛼𝛼
2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑆𝑆 ) + 𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝐷𝐷 ) , 𝑦𝑦�𝑆𝑆𝑁𝑁+ℎ − 𝑦𝑦�𝐷𝐷

𝑁𝑁+ℎ
+ 𝑧𝑧𝛼𝛼

2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑆𝑆 ) + 𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝐷𝐷 )]  

 

Prediction intervals for the sum of health workers demanded or supplied 

The above paragraph allows us to compute the prediction intervals for physicians and nurses/midwives (demanded 
or supplied). Denote these a 100(1-α)% prediction intervals for the h-steps ahead projection values by  

[𝑦𝑦�𝑃𝑃𝑁𝑁+ℎ − 𝑧𝑧𝛼𝛼
2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑃𝑃 ) , 𝑦𝑦�𝑃𝑃𝑁𝑁+ℎ + 𝑧𝑧𝛼𝛼

2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑃𝑃 ) ]  

and 

 [𝑦𝑦�𝑁𝑁𝑁𝑁+ℎ − 𝑧𝑧𝛼𝛼
2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑁𝑁 ) , 𝑦𝑦�𝑁𝑁𝑁𝑁+ℎ + 𝑧𝑧𝛼𝛼

2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑁𝑁 ) ]     

Where the superscript “P” stands for Physicians and the superscript “N” stands for Nurses/Midwives. 

A 100(1-α)% prediction interval for the h-steps ahead projected total (sum of physicians and nurses/midwives) 
(supplied or demanded) is defined by 

[𝑦𝑦�𝑃𝑃𝑁𝑁+ℎ + 𝑦𝑦�𝑁𝑁
𝑁𝑁+ℎ

− 𝑧𝑧𝛼𝛼
2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑃𝑃 + 𝑦𝑦𝑁𝑁+ℎ𝑁𝑁 ) ,     𝑦𝑦�𝑃𝑃𝑁𝑁+ℎ + 𝑦𝑦�𝑁𝑁

𝑁𝑁+ℎ
+ 𝑧𝑧𝛼𝛼

2
 �𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑃𝑃 + 𝑦𝑦𝑁𝑁+ℎ𝑁𝑁 ) ]  

The variance term is defined by 

𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑃𝑃 + 𝑦𝑦𝑁𝑁+ℎ𝑁𝑁 ) = 𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑃𝑃 ) + 𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑁𝑁 ) + 2𝑐𝑐𝑜𝑜𝑣𝑣(𝑦𝑦𝑁𝑁+ℎ𝑃𝑃 , 𝑦𝑦𝑁𝑁+ℎ𝑁𝑁 ) 

Where, 𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑃𝑃 ) and 𝑉𝑉𝑦𝑦𝑟𝑟 �(𝑦𝑦𝑁𝑁+ℎ𝑁𝑁 ) are given by Equation (2) above (for physicians and nurses/midwives, 
respectively). Note, however, that since the physicians and nurses/midwives equations are based on the same 
regressors and there is an interdependence between these two cadres, the cross-covariance between their error 
terms cannot be assumed zero. This covariance is defined by defined by 

𝑐𝑐𝑜𝑜𝑣𝑣(𝑦𝑦𝑁𝑁+ℎ𝑃𝑃 , 𝑦𝑦𝑁𝑁+ℎ𝑁𝑁 ) = 𝜎𝜎𝑃𝑃𝑁𝑁� [𝑥𝑥𝑁𝑁+ℎ′  (𝑋𝑋𝑁𝑁′ 𝑋𝑋𝑁𝑁)−1 𝑥𝑥𝑁𝑁+ℎ + 1] 
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Where 𝜎𝜎𝑃𝑃𝑁𝑁� = �𝑌𝑌𝑇𝑇
𝑃𝑃−𝑋𝑋𝑇𝑇 𝛽𝛽𝑃𝑃��

′
(𝑌𝑌𝑇𝑇

𝑁𝑁−𝑋𝑋𝑇𝑇 𝛽𝛽�𝑁𝑁)
𝑁𝑁−𝐾𝐾

  is the estimated covariance between the error terms in the physicians and 
nurses/midwives equations. 

Applied to the estimated supply for physicians and nurses/midwives discussed earlier, these formulas allow to 
compute the prediction intervals for the projection of total demand of health care. The same can be performed to 
obtain the prediction intervals for the projection of total supply of health care. 

Using these formulas, we computed the 95 percent prediction intervals for each health worker projection as well as 
shortages and totals up to 2035. The results are reported in Table 19b
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TABLE 19B ESTIMATED DEMAND AND SUPPLY FOR PHYSICIANS AND NURSES/MIDWIVES AND 95% PREDICTION INTERVALS FOR LMICS (84 COUNTRIES) 

  Physicians Nurses/Midwives                       Both 

      Projection 
 

95% PI Projection 
 
95% PI Projection 

 
      95% PI 

 
Demand 6,235,101 [3,268,087.5   9,202,114.5] 9,989,129 [4,403,689.3  13,596,868.5] 16,224,230 [9,066,433.3   23,382,026.7] 

2020 Supply 4,414,291 [2,396,875.9   6,431,706.7] 7,395,182 [3,334,609.6    11,065,948] 11,809,473 [6,368,416.8   17,250,529.7] 

 Diff -1,820,810 [-3,210,893.9   -430,725.6] -2,593,947 [-3,793,295.3  -1,394,598.7] -4,414,757 [-6,988,897.1   -1,840,616.5] 

 
Demand 7,487,089 [3,744,066.1  11,230,111.9] 10,386,581 [5,126,137.7  16,623,451.1] 17,873,670 [8,647,234.4   27,100,105.6] 

2025 Supply 4,698,135 [2,591,489.9   6,804,780.5] 8,369,697 [3,856,863.8     12,492,725] 13,067,832 [6,994,065.4   19,141,600.1] 

 
Diff -2,788,954 [-4,836,160.3   -741,747.3] -2,016,884 [-3,849,563.6    -184,203.4] -4,805,838 [-8,655,938.1     -955,736.4] 

 
Demand 8,235,807 [3,937,375.6  12,534,238.4] 12,035,852 [5,194,011.2  18,704,608.7] 20,271,659 [9,408,780.4   31,134,537.6] 

2030 Supply 4,981,979 [2,783,764.7   7,180,193.7] 9,344,213 [4,350,015.4  13,948,604.6] 14,326,192 [7,617,016.9   21,035,367.6] 

 
Diff -3,253,828 [-5,708,743.5   -798,912.2] -2,691,639 [-4,973,535.0    -409,742.9] -5,945,467 [-10,653,616.6   -1,237,317] 

 Demand 9,204,140 [4,326,507.8  14,081,772.2] 14,012,501 [6,392,644.5  21,855,006.5] 23,216,641 [10,750,172.8 35,683,109.2] 

2035 Supply 5,265,823 [2,970,913.8   7,560,732.4] 10,318,728 [4,824,529.5  15,423,121.5] 15,584,551 [8,233,369.8   22,935,733.7] 

 
Diff -3,938,317 [-6,835,414.2 -1,041,219.6] -3,693,773 [-6,394,816.7    -992,728.0] -7,632,090 [-13,202,245.5    -2,061,933] 
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TABLE 20 PROJECTIONS OF DEMAND, SUPPLY AND SHORTAGE OF HEALTH WORKERS AND 95% PREDICTION INTERVALS (GHANA) 

  Physicians 
      95% PI 

Nurses 
95% PI  

CHWs 
95%PI             All 

   95% PI 
           

 
Demand 93,409 [36,175  150,645] 75,260 [23,813  126,707] 29,657 [16,651  42,663] 198,326 [118,684  277,969] 

2020 
Supply 83,893 [32,236 135,549] 73,270 [21,883  124,657] 13,278 [581      25,974] 170,440 [94,969   245,911] 

 
Diff -9,516 [-27,059  8,026] -1,990 [-16,426  12,445] -16,379 [-20275 12484] -27,886 [-51,407    -4,366] 

 
Demand 122,296 [53,795 190,797] 112,277 [73,291 192,028] 63,184 [34,434  91,934] 297,757 [221,101  415,178] 

2025 Supply 115,500 [55,585 175,416] 91,209 [39,788  142,631] 16,594 [4,435  28,752] 223,303 [144,356  302,251] 

 
Diff -6,796 [-26,379 12,787] -21,068 [-63,115  -19,784] -46,591 [-69,697 -23,484] -74,454 [-134,808  -54,864] 

 
Demand 165,958 [80,591  251,326] 167,531 [123,271  301,296] 91,786 [43,049 140,523] 425,275 [334,708   603,880] 

2030 Supply 156,847 [80,014  233,680] 111,360 [55,606  167,114] 20,323 [7,930  32,717] 288,530 [195,454   381,605] 

 
Diff -9,111 [-30,887  12,665] -56,171 [-147,882  -53,965] -71,463 [-113,222 -29,703] -136,745 [-256,085 -106,910] 

 
Demand 254,494 [139,901  369,087] 255,338 [232,203  539,075] 103,132 [37,580 168,684] 612,964 [536,720   949,809] 

2035 Supply 209,561 [107,237  311,885] 133,843 [69,812   197,874] 24,489 [11,087    37,890] 367,893 [251,750   484,037] 

 
Diff -44,933 [-72,439  -17,426] -121,495 [-355,074  148,517] -78,644 [-134,984 -22,304] -245,071 [-514,995 -235,748] 
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Annex F. Direct demand model estimate results for global 
model 

 

TABLE 21 DEMAND MODEL ESTIMATES (84 COUNTRIES) 

 Demand for Physicians  Demand for Nurses/Midwives  

 Coefficient Std. Error Coefficient    Std. Error 

Economic 

Ln(GDP per capita) 1.7200** 0.0198 -1.9342*** 0.0699 
 

Ln(OOP per capita) -1.1152** 0.0112 -2.4567*** 0.0242 
 

Access to electricity (%) -0.0341 0.0068 0.0098* 0.0041 

Epidemiologic 

DALYs 0.0001** 0.0001 0.0003*** 0.0000 
 

CVD incidence 0.0671*** 0.0255 -0.0781 8.6562 

Malaria incidence 0.0001* 0.0000 0.0009*** 0.0001 

HIV incidence 0.0142*** 0.0006 0.1137*** 0.0013 

Demographic 

Life expectancy at birth  5.3935*** 0.2011 14.209*** 0.6163 

Death rate per 1000 people 6.9997*** 0.0432 9.1071*** 0.3744 

Urban population (%)  0.6924*** 0.0070 0.9027*** 0.0181 

Population aged 65+ (%) 2.7991** 1.1910 22.451*** 4.090 

Population aged 15-64 (%) -4.3929*** 0.0470 -9.678*** 0.1118 

mCPR (%) -0.0057*** 0.0002 0.0070*** 0.0001 

Substitution1 0.0025*** 0.0004 0.0348***    0.0326 

Constant -1526.4*** 13.474 -3346.6*** 47.154 
 

Interaction terms YES  YES  

Country fixed-effects YES  YES   

sigma_u 0.0000 
 

sigma_u    0.0000 
 

sigma_e 0.0009 
 

sigma_e    0.0606 
 

Rho 0.0000  rho 0.0000  

R2 0.973  0.987  

Observations 1680  1680   

Notes: The dependent variable is the number of physicians per 1000 people (Physicians equation) and number of 
nurses/midwives per 1000 people (nurses/midwives equation) 
1 For the Physicians equation, the substitution variable is the lagged value of Nurses density, and for the Nurses 
equation it is the lagged value of Physician density. 

Significance codes: ‘***’ 1%   ‘**’ 5%     ‘*’ 10%  ‘ ’ Not Significant  
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Demand for physicians and nurses, by density 

 
  2020-30 Demand for Physicians density Demand for Nurses/Midwives density 

 
 Unit 

 
 coeff estimate                95% range  coeff estimate             95% range 

Economic          

Ln(GDP per capita) 
 Log GDP per 

capita 0.5388 1.72 0.9268 0.9055 0.9481 -1.9342 -1.0422 -1.1176 -0.9669 

Ln(OOP per capita) 
 Log OOP per 

capita 0.7287 -1.1152 -0.8126 -0.8289 -0.7963 -2.4567 -1.7902 -1.8254 -1.7549 

Access to Elect (%) 
 Percentage 

points 7.8543 -0.0341 -0.2678 -1.3360 0.8003 0.0098 0.0770 0.0126 0.1414 

Epidemiologic   
         

DALYs 
 Years of life 

lost per 100K -13629.6 0.0001 -1.3630 -2.1807 -0.5452 0.0003 -4.0889 -4.3615 -3.8163 

CVD Incidence 
 New cases per 

100K 23.406 0.0671 1.5706 0.3768 2.7643 -0.0781 
-1.8281 -4.3700 0.7139 

Malaria Incidence 
 New cases per 

100K -2901.9 0.0001 -0.2902 -0.2842 -0.2962 0.0009 -2.6118 -2.0314 -3.1921 

HIV Incidence 
 New cases per 

100K -31.818 0.0142 -0.4518 -0.4136 -0.49 0.1137 -3.6178 -3.5350 -3.7005 

Demographic   
         

Life Expectancy   Years 3.4901 5.3935 18.8238 17.4201 20.227 14.209 49.591 45.288 53.893 

Death rate per 1000  
 Num. of death 

per 1000 -1.7911 6.9997 -12.537 -12. 692 -12.382 9.1071 -16.312 -14.970 -17.653 

Urban Population (%)  
 Percentage 

points 3.6826 0.6924 2.5498 2.4983 2.6013 0.9027 3.3242 3.1909 3.4576 
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Population 65+ (%) 
 Percentage 

points 0.2777 2.7991 0.7773 0.1158 1.4387 22.451 6.2344 3.9629 8.5059 

Population 15-64 (%) 
 Percentage 

points 1.8976 -4.3929 -8.3358 -8.5141 -8.1574 -9.678 -18.365 -18.789 -17.940 

mCPR (%) 
 Percentage 

points 1.1832 -0.0057 -0.0067 -0.0072 -0.0063 0.007 0.0083 0.0080 0.0085 
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Annex G. Direct demand model estimate results for 
Ghana model 

 

 Demand for Physicians 

Demand for 
Nurses/Midwives 

 

Demand for CHWs 

 Coeff. S.E Coeff.    S.E. Coeff. S.E 

Economic 

Ln(GDP per capita) 3.0018* 1.6830 0.5805** 0.2131 0.1123** 0.0475  
Ln(OOP per capita) -5.1581* 2.7085 -5.7675* 3.1017 2.2501* 2.5410  
Access to Electricity 0.0145** 0.1013 -0.1634* 0.2508 -0.0205** 0.0101 

Epidemiologic 

DALYs 0.0001* 0.0000 0.0001* 0.0000 0.0000 0.0001  
CVD Incidence 0.0693* 0.0362 0.0382* 0.0209 -0.0005** 0.0002 

Demographic 

Life Expectancy at birth 0.2949** 0.0506 0.1874** 0.0916 0.0523** 0.0168 

Pop aged 65+ (%) 0.7716*** 0.0734 2.0669*** 0.1106 -0.1063 0.6510 

Pop aged 15-64 (%) -0.6174* 0.3789   -0.6833** 0.0152 0.0510 0.0539 

mCPR (%) -0.0008* 0.0016 0.0045 0.0255 0.0021 0.0051 

NHIS1 0.1150** 0.1660 0.0581* 0.5081 -0.5410** 0.0449 

Constant 66.989** 27.9342 -5.5657 102.97 6.8335 20.429 
 

R2 0.700 0.570 0.860   

Observations 20  20  19   

Notes: The dependent variables are the number of physicians per 1000 people (Physicians equation), number of 
nurses/midwives per 1000 people (nurses/midwives equation), number of CHWs per 1000 people (CHWs equation). 
1 Dummy variable for implementation of the National Health Insurance Scheme (NHIS). 

Bootstrap standard errors reported. Significance codes: ‘***’ 1%    ‘**’ 5%      ‘*’ 10%   ‘ ’ Not Significant 
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   Demand for Physicians Demand for Nurses/midwives Demand for CHWs  

 
Unit 2020-30 coeff estimate 90% conf. range coeff estimate 90% conf. range coeff estimate 90% conf. range 

Economic  
             

Ln(GDP per 
capita) 

Log GDP /capita 
0.2099 3.0018 0.6300 0.0507 1.2092 0.5805 0.1218 0.0485 0.1952 0.1123 0.0236 0.0072 0.0399 

Ln(OOP per 
capita) 

Log OOP / capita 
0.5321 -5.1581 -2.7444 -5.1077 -0.3810 -5.7675 -3.0686 -5.7750 -0.3622 2.2501 1.1972 0.0087 2.3856 

Access to 
Electricity 

Percentage points 
8.4082 0.0145 0.1219 0.0033 0.2405 -0.1634 -1.3739 -2.6439 -0.1039 -0.0205 -0.1724 -0.3116 -0.0331 

Epidemiologic  
             

DALYs 
Years of life lost 

per 100K -12083.2 0.0001 -1.2083 -1.2281 -1.1885 0.0001 -1.2083 -1.4065 -1.0102 0.0000 -0.1208 -2.1025  1.8608 

CVD Incidence New cases/100K 21.873 0.0693 1.5158 0.2172 2.8143 0.0382 0.8355 0.0858 1.5852 -0.0005 -0.0109 -0.0181 -0.0038 

Demographic  
             

Life Expectancy  Years 3.0100 0.2949 0.8876 0.6379 1.1374 0.1874 0.5641 0.1119 1.0162 0.0523 0.1574 0.0745 0.2404 

Pop 65+ (%) Percentage points 0.6353 0.7716 0.4902 0.4137 0.5667 2.0669 1.3132 1.1979 1.4284 -0.1063 -0.0675 -0.7458 0.6108 

Pop 15-64 (%) Percentage points 1.8190 -0.6174 -1.1230 -2.2533 0.0073 -0.6833 -1.2429 -1.2882 -1.1976 0.0510 0.0928 -0.0680 0.2536 

mCPR (%) Percentage points 11.7310 -0.0008 -0.0094 -0.0402 0.0214 0.0045 0.0528 -0.4378 0.5434 0.0021 0.0246 -0.0735 0.1228 

NHIS  1 0.115 0.115 0.0232 0.2068 0.0581 0.0581 0.0087 0.1075 -0.541 -0.541 -0.9707 -0.1113 
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Annex H. Comparison between CHAMPS and past labor 
market projection models 
The literature review showed that many models have been developed to project demand and supply of health workers. The models 
that have attracted more attention and have been extensively used in practice were developed by Richard Scheffler, Jenny Liu and 
their co-authors (see a list of references in Section II). The model developed by HRH2030 is named ‘Comprehensive HRH 
Assessment, Modeling, and Planning Solution’ (CHAMPS). In this section, we compare CHAMPS with the HRH labor market 
projections by Liu et al. and discuss the strengths and weaknesses of both approaches.  

 

Demand model 
Liu et al. Labor Market Projections  CHAMPS 

Strengths (mentioned by Liu et al.) Comparison 

Builds on previous models of health worker demand (see 
Scheffler et al 2008) and adds in two factors not 
previously accounted for but that can have a large effect 
on demand: out-of-pocket expenditures (i.e., as an 
indicator for the generosity of health insurance, and thus 
social protection against catastrophic health care 
spending) and the size of the population aged 65 or over 
(as an indicator for population aging, which is likely to 
drive greater demand for care). 

Builds from previous models as well (including Liu et al 
2017 and Scheffler et al 2018); but in addition to economic 
indicators, adds epidemiological and demographic 
indicators. These previously unaccounted for indicators 
turn out to have large effects on demand. This is a 
significant improvement over the existing models and is the 
main contribution of the HRH model. Moreover, this extra 
information increases predictive capability of the model 
without compromising its efficiency. 

 

Inclusion of country-fixed effects to account for time-
invariant, unobservable heterogeneity across countries 
(i.e., differences in baseline characteristics between 
countries). 

 

Same 

Sensitivity analyses showed that the final specification 
yielded the best predicted values, in terms of having the 
lowest mean error compared to alternative specifications 
using differently calculated input variables. 

 

Same 

Predicted values were relatively stable using alternative 
estimates of future values of GDP per capita and size of 
the population aged 65 or over. 

 

Same 

Other Strengths (not mentioned by Liu et al.) Comparison 

Estimates the global model on all 165 countries (including 
low-, middle- and high-income countries) which uses 
more data and therefore yields more statistically 
significant inference. 

Only estimates the global model for the 84 low and lower-
middle income countries. This restriction provides 
estimates that are more specific to the LMICs context and 
are less influenced by outliers and/or heterogeneity across 
regions. 
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Liu et al. Labor Market Projections  CHAMPS 

Weaknesses (mentioned by Liu et al.) Comparison  

Cannot take other factors into account that also affect 
demand, such as changing epidemiology of disease (e.g., 
epidemiological transition from infectious diseases to non-
communicable diseases in many lower-income countries), 
increased productivity (through technological advance, 
which can also affect skills mix), or changes in the 
organization of health care delivery. 

 

CHAMPS took those factors into account to its best. The 
HRH model accounted for epidemiological transitions, 
increased productivity through technological advances 
(that we proxied with electrification), and changes in the 
organization of health care delivery (this model took into 
account the substitutability between various cadre 
categories). 

Only had sufficient physician data for predictions and had 
to make global assumptions about the ratio between 
physicians and nurses/midwives and other types of health 
workers. However, this model can incorporate these 
other cadres in as more data become available. 

Uses existing data and various imputation methods to 
impute nurses/midwives data so that both data for 
physicians and data for nurses/midwives were used to do 
predictions for the global model. 

CHAMPS using the imputed data performed better, 
compared to the model based on global assumptions about 
nurses/midwives and other cadres. 

For the first time, CHWs are included a separate cadre in 
an analysis of a subset of 11 countries. 

Other Weaknesses (not mentioned by Liu et al.) Comparison 

Did not account for other changes in demographics (e.g., 
life expectancy, urbanization) that are likely to have large 
effects on the demand for care. 

 

Accounts for these transitions. 

Did not account for the specificities of the health labor 
market and existing health policy (e.g., universal health 
care) at the country level.  

 

Accounts for these specificities at a country level with the 
Ghana case study. 

Projections of shortages/surpluses were disaggregated at 
the regions and income levels from the global model using 
a “top-down” approach rather than a “bottom-up” 
approach. In other words, these projections are merely 
calculated from the global projection model using 
regions/income levels aggregates and taking the global 
elasticities as the same across the board. 

 

Note from author: A more precise approach would be to 
run panel data regressions of the demand and supply 
equations at the regional/income levels.  

 

We did not perform these projections. This has essentially 
the same issue as trying to estimate the model and do 
projections at the country level. More data are needed to 
perform regional-level analysis rigorously. 
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Liu et al. Labor Market Projections  CHAMPS 

Given the high level of heterogeneity in the health 
indicators and health labor markets between low-income 
and high-income countries, estimating a global model with 
all 165 countries (rather than with samples belonging to 
the same income group) may yield estimates that are 
seriously influenced by outliers.  

Our estimation focuses on the LMICs sample which is 
more homogenous in nature and is therefore less likely 
influenced by outliers.  

  

Supply model 
Liu et al. Labor Market Projections  CHAMPS 

Strengths (mentioned by Liu et al.) Comparison 

Maximizes use of historical data for each country to 
predict future trends. 

 

Same 

Assumes a linear relationship in yearly growth rather than 
a more aggressive—but unrealistic—exponential 
relationship. 

Use a more flexible (logistic, Gompertz) specification that 
follows an S-shaped relationship (and for which a linear 
trend is a special case) is even more conservative than the 
linear relationship. This is an improvement over the linear 
trend as explained below. 

Weaknesses (mentioned by Liu et al.) Comparison 

Assumes no change in either the entry or exit of workers 
into the market, which may be unrealistic. Linear trend 
assumes rate of aging will stay the same when it actually 
may be increasing, resulting in an overestimate of future 
supply. 

Our supply model does not assume a linear trend precisely 
because of this shortcoming of the Liu et al. Labor Market 
Projections. The S-shaped relationship that the HRH supply 
curve follows allows for the rate of aging to vary over time 
to accommodate changes in entry/exit of workers in the 
labor market. 

Other factors, such as changes in certification/ licensing 
rules, migration, and education capacity could also affect 
the supply. In many countries, these policy and 
programmatic changes are enacted to augment the 
production of health workers, some of which may actually 
become employed in service delivery. Ignoring these 
factors would likely result in underestimating future 
supply. 

 

Same  

 

To summarize, CHAMPS builds on previously developed labor market projection models and addresses some of the main limitations 
of these models that are acknowledged by Liu, Scheffler and the other authors (see, e.g. Scheffler et al 2008, p.8). Specifically, our 
demand equations incorporate, beyond economic indicators, additional factors that capture epidemiological and demographic 
transitions. We also incorporate factors that allow us to assess the role of technological advances as well as changes in the 
organization of health care delivery, all of which are likely to affect the demand for different types of health workers. These 
previously unaccounted indicators turn out to have large effects on the demand for health workers, and significantly improve the 
predictive capability of CHAMPS without compromising efficiency. For the supply model, our specification can take either a linear 
form or an S-shape form (i.e. logistic or gompertz), depending on the data. This approach is more conservative than the linear 



79 
 

specification in the Liu et al. Labor Market Projections which can lead to an overestimation of the projected supply, as acknowledged 
by the authors. Moreover, unlike approach by Liu et al. that generates sub-regional projections based on a global model, our 
estimation focuses on a LMICs sample which is more homogenous in nature and is therefore less likely to be influenced by outliers.  

The differences between the two approaches are clearly noticeable when we compare estimates for the same sets of countries. 
Table 22 shows the 2030 projected demand, supply and shortage of health workers in LMICs using the Liu et al. Labor Market 
Projections and CHAMPS (with 95 percent confidence intervals). It is interesting to see that our estimates are generally more 
conservative (lower). Indeed, for the LMIC projections, our demand estimates for 2030 are 3 million lower than Liu et al.’s. 
However, our supply estimates are about 5million lower than theirs, hence our shortage estimate for 2030 is 2 million higher. The 
fact that our supply side estimates are much lower is not surprising since our S-shaped trend model tends to be conservative while 
the linear trend model tends to overestimate future supply. Nonetheless, when we look at the 95 percent confidence interval 
produced by our estimation, we realize that the estimates by Liu et al. for LMICs fall into this interval, implying that the two 
projections are not completely at odds with each other (they are at odds only five percent of the time). However, for the Ghana 
analysis, the projections derived by applying the methodology from Liu et al. to our data result in a demand of 650,000 health 
workers, which is 225,000 higher than the demand projections obtained from CHAMPS. On the other hand, the supply projections 
are quite similar, Liu et al.’s are only 5,000 higher. The shortages projected by CHAMPS are thus significantly lower than in the 
projections by Liu et al. and hence more achievable. Interestingly, the projected shortage using Liu et al. Labor Market Projections 
methodology does not fall into the prediction intervals derived from CHAMPS, suggesting that they are significantly different. 

 

TABLE 22 COMPARISON OF LIU ET AL. LABOR MARKET PROJECTIONS AND CHAMPS FOR 84 LMICS AND GHANA FOR 2030 

  
Liu et al. Labor 
Market Projections CHAMPS 

      Projection 
 

Projection 
 
95% PI 

 
Demand 23,082,655  20,271,659 [9,408,780.4   31,134,537.6] 

LMICs Supply 19,343,519  14,326,192 [7,617,016.9   21,035,367.6] 

 
Diff -3,739,136  -5,945,467 [-10,653,616.6   -1,237,317] 

 
Demand 650,034  425,275 [334,708   603,880] 

Ghana* Supply 292,621  288,530 [195,454   381,605] 

 
Diff -357,413  -136,745 [-256,085  -106,910] 

* We derived projections for Ghana by applying the Liu et al. Labor Market Projections methodology (found in Liu et al 2017) to Ghanaian data. These Ghana results 

may however be somewhat different from what Liu et al. would have gotten since we are using a more HRH data and probably are getting different imputed values 

for year with missing data.  
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About HRH2030  
HRH2030 strives to build the accessible, available, 
acceptable, and high-quality health workforce needed to 
improve health outcomes. 

Global Program Objectives  
1. Improve performance and productivity of the 

health workforce. Improve service delivery models, 
strengthen in-service training capacity and continuing 
professional development programs, and increase 
the capacity of managers to manage HRH resources 
more efficiently. 

2. Increase the number, skill mix, and competency of 
the health workforce. Ensure that educational 
institutions meet students’ needs and use curriculum 
relevant to students’ future patients. This objective 
also addresses management capability of pre-service 
institutions. 

3. Strengthen HRH/HSS leadership and governance 
capacity. Promote transparency in HRH decisions, 
strengthen the regulatory environment, improve 
management capacity, reduce gender disparities, and 
improve multi-sectoral collaboration for advancing 
the HRH agenda. 

4. Increase sustainability of investment in HRH. 
Increase the utilization of HRH data for accurate 
decision-making with the aim of increasing 
investment in educating, training, and managing  
a fit-for-purpose and fit-for-practice health 
workforce. 
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