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1. Technical specifications of the EPIC macroeconomic model

The WHO EPIC (Economic Projections of 1liness and Cost) model employs a human capital augmented
Solow model with a linear-homogenous Cobb-Douglas production function:

Yie = yidie * K * (Hye * L)t ™% where 0 < a < 1, (1)

where Y;, isthe GDP of country i in year t, K is the physical capital, A;, is Total Factor Productivity (TFP),
Ly, is the labor force, H;; is an educational capital index, «;; is the elasticity of output with respect to
physical capital and y; a scaling factor.

A;; refers to technological advancements and other factors such as resource endowment, climate,
institutions, etc. that contribute to the GDP in addition to contributions from the labor force and the physical
capital. TFP is here Hicks-neutral and enters multiplicatively in the production function as an increasing
scale factor. The scaling factor y; is a calibration parameter used to fit the model to reported GDP values
so that reported and estimated values are identical in the first year of the projection.

The product H;; = L;; represents the stock of labor augmented by education. H;; is a country-specific
educational capital index that accounts for the returns to education that augment the quality of the labor
force.

a;; is the change in output resulting from a change in physical capital and is denoted by a;; € (0,1). The
elasticity of output with respect to labor is thus denoted by (1 — a;;) € (0, 1).

The contributions of the physical capital and of the labor force are scaled with the level of technology in
each country. Each country has different initial level of technology and the TFP is assumed to grow at rate

Jit
Ay = Aje-1ye9t (2

Physical capital accumulation
The law of motion for physical capital is given by the equation:

Kit = sitYie—1) + (1 — 8;i) K1) 3)

where s;; is the savings rate of country i in year t and §;; the depreciation rate of country i in year t. s;;
and &;; are here exogenously given.

The saving rate s;; is the percentage of disposable income saved rather than spent on consumption and is
calculated using the real GDP and consumption data for country i at time t. The depreciation rate §;; is
the percentage reduction in the monetary value of assets over time.

The initial level of the stock of physical capital per efficiency unit of labor is calibrated to correspond to
its steady-state level k;; given by:
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where k = K/HL. This avoids unrealistically high growth rates generated by what would correspond to
transitional dynamics toward the steady state at the start of the simulation, and therefore yields the
balanced growth path.

Labor force
The labour force is defined as the number of individuals between 15 and 69 years of age who participate
in the labour market. The raw size of the labor force in each age group was calculated according to:

Lait = PailNait- (5)

where L,;; is the stock of the labor force in each age group, p,; is the labor force participation rate for age
group a (15-29, 30-44, 45-59, 60-64), and N,;; is the base population for the relevant age group.

These age-group specific stocks of labor were then augmented by experience and skill according to:

Ly = Zggw PaLqie, (6)

Where L;, is the skill -augmented stock of the aggregate labor force, L,;; is the stock of labor force in
each age group and p,, is the average skill-augmenting factor for age group a that adjusts for work
experience over time for different age group according to:

Pa = pa + pplage, — 15) + pc(ageq — 15)? )
where age, is the age of a worker, and p4 = 0.8, pg = 0.02, and p. = -0.0002 (see reference).

In summary, the size of the labor force is augmented by education and, over time, work experience
according to:

60
H; L, =H, Zpa )

a=15

Consequences of investing in disease control interventions
Investing in disease control interventions is assumed to affect the evolution of the physical capital.
Eq (3) can be rewritten as:

Kit = sitVie-1) = 7Cie + (1 — 6i)Kie—1) » )

where C;; is the amount invested and paid out from domestic funding sources, net of treatment cost
savings stemming investments in disease control interventions and r is the proportion of investments C
paid out from domestic savings. The remainder of the investments is assumed to be paid out from
domestic consumption.



Health status improvements that result from disease control interventions is assumed to affect the
effective labor force. Eq (6) can be rewritten as:

Ly = Zgglspa Lgit + zi + by (10)

where z;; is the number of deaths averted and b;; is the number of Years Lost to Disability (YLDs) averted
at time t in country i.

Productivity losses due to illness are measured in terms of Years Lost to Disability (YLDs). One YLD is
assumed to be equivalent to one year of full productivity lost. Averted productivity losses (productivity
gains) are measured as the difference in YLD between two scenarios.

Reference:
Cuddington JT, Hancock JD. Assessing the impact of AIDS on the growth path of the Malawian economy.
J Dev Econ. 1994;43(2):363-8.

2. EPIC technical adaptation for malaria control application

The EPIC model was adapted to capture the spillover effects that reduced malaria in childhood and young
adolescence may have on the effective labor force.

Conseguences of malaria control

EPIC was adapted to account for the effects that improved children and young adolescent’s health may
have on the size and quality of the labor force. First, children and young adolescents aged 0 to 14 years
old, who are affected by malaria, were assumed to adversely affect the productivity of adults. Conversely,
reductions in morbidity in this age group were assumed to translate in productivity gains (or averted
productivity losses) in the working adult population b;;, according to:

bit = Y5215 Pabait + P30(q1boie + 2bsir) (1)

where bg;; is the number of averted YLD among working adults of age group a at time ¢t in country i , p,
is the skill-augmenting factor that incorporates the effects of averted YLD among working adults in age
group a on their average work experience, q1bpi: + q2bsic boir and bs;; are the numbers of averted YLD
among children and young adolescents aged 0-4 and 5-14 year old respectively that affect the productivity
of working adults, g;and g, are the “transfer rates” defined as the share of averted YLD in children and
adolescents aged 0-4 and 5-14 respectively that are transferred to adults as productivity gains.

Second, the number of averted deaths in 0- to 14-year-old children and adolescents were assumed to be
added to the future stock of labour when children and adolescents reach the age of 15, according to:

60
Zjyp = Z PaZait + P15(Zoit-13 + Zsie—s)  (12)

a=15

The first term p,z,;; is the number of deaths averted in working adults in age group a multiplied by p,,
the experience augmenting factor for age group a. The second term plS(ZOi,t—13 + ZSi,t—S) represents
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the gain in the size of the labour force stemming from the number of averted deaths in young age groups
once they reach 15 years of age augmented by experience. The gain in labour force size considers
mortality risks from other diseases using all-cause mortality data excluding malaria. The number of
averted deaths in children aged O to 4 years at year t — 13 is added to the labour stock at year t, with
,t — 13 reflecting the average number of years for that 0-4 age group to reach age 15. Similarly, the
number of deaths averted in children and young adolescents aged 5 to14 year old at year t — 5 is added
to the stock of labour at year t with t — 5 reflecting the average number of years for that age group to
reach age 15.

3. Relative contribution of malaria mortality and morbidity reductions to total economic output

For this current EPIC application, we calculated the relative contribution of averted morbidity and
mortality to total economic gain. As we cannot separate investments that contribute to mortality to
investments that contribute to morbidity, we first estimated the total economic gain from malaria burden
reductions excluding the cost of interventions under each scenario and calculated the share of the total
gain (excluding intervention cost) that could be attributed to mortality and morbidity reduction
respectively. We then used these shares of economic gains attributable to mortality and morbidity
respectively and multiplied them by the total economic gain accounting for the effects of intervention
costs.



4. Scope of the study

Table S1: Modelled coverage levels, by intervention, under “Sustain” and “Scale-up” scenarios
In both scenarios, routine epidemiological and entomological information systems were also included

Scenario Intervention Baseline 2020  coverage | 2025 coverage | 2030 coverage
targets targets targets
“Sustain” All Maintain coverage of all existing interventions at their 2015 level
“Scale-up” | Vector control, | country-specific | 80% with LLIN | 90% with | Maintain
incl LLIN | coverage replaced every 3 | LLIN replaced | coverage
and IRS years every 2 years
10% additional coverage with complementary control measures for
resistance management
SMC 0% 80% 95% Maintain
IPTp 0% 80% 90% Maintain
Blood tests, | 20% 90%
using RDTs or
microscopy
10% G6PD 90%
testing
Treatment of | 2013  country- | 90% at public 75%
uncomplicated | specific facilities, 50% in community-
cases coverage communities based treatment
Treatment  of | 100% 100% hospitalized | 50%  severe | 75% severe
severe cases hospitalized cases treated with | cases with | cases with rectal
cases treated | injectable rectal artesunate in
with quinine artesunate artesunate  in | communities
communities
LLIN: Long-Lasting Insecticide Bednets; IRS: Indoor Residual Spraying; SMC: Seasonal

Chemoprevention in Children;
IPTp: Intermittent Preventive Treatment in pregnant women; RDT: Rapid Diagnostic Test

References:
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Table S2: Name of studied countries and percentage of global malaria cases and deaths in each

country in 2016

Country name

% of global malaria cases

% of global malaria deaths

Nigeria 27% 23%
Democratic Republic of the Congo 10% 14%
India 6% 5%
Mozambique 4% 3%
Ghana 4% 3%
Mali 4% 5%
Burkina Faso 4% 5%
Niger 4% 4%
Uganda 4% 3%
United Republic of Tanzania 3% 4%
Cameroon 3% 2%
Cote d'lvoire 2% 2%
Guinea 2% 2%
Rwanda 2% 1%
Malawi 2% 2%
Kenya 2% 2%
Angola 2% 3%
Benin 1% 1%
Togo 1% 1%
Sierra Leone 1% 2%
Chad 1% 2%
South Sudan 1% 1%
Burundi 1% 1%
Central African Republic 1% 1%
Papua New Guinea 1% 1%
Pakistan 1% 0%
All 93% 93%
Reference:

WHO. World Malaria Report 2017. Geneva: World Health Organization; 2017.




