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Forecasting GBD – Overview
• 1997: Forecasting mortality and disability 

1990-2020
• 2018: Forecasting mortality, life 

expectancy and risk attributable burden –
better/worse scenarios (type 1) 

• 2020: Forecasting populations to 2100
• 2023: Forecasting 370 causes, deaths, 

YLLs, YLDs, DALYs, incidence, 
prevalence, life expectancy, healthy life 
expectancy (HALE) – target scenarios 
with avoidable future burden 2020-2050

• 2023: India subnational forecasts
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Useful types of future health scenarios 
• Reference scenario (probabilistic forecast) – what we would expect to 

happen in the future if:
o The independent drivers of health continue to follow recent trends 
o The causal relationships between drivers and health outcomes stay the same 

• The reference scenario is our estimate of the most likely future: it is simply a 
model-based forecast from past trends and past relationships between 
drivers and health outcomes predicted using future trends in drivers of health   

• Tailored scenarios from alternative future trajectories for any combination of 
the independent drivers in the model
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Drivers of health (SDI, risk factors, interventions) – All are forecasted
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From GBD 2019 non-optimal temperature (high and low temperature) is added as an environmental  risk factor (Burkhart, Brauer, Aravkin et al. Lancet 2021) 



Forecasting models
• GBD mortality is forecasted separately for males and females in cause-

specific mixed-effects regression models with offset
1. A risk factor scalar offset captures cause-specific combined risk factor effects 

based upon the GBD comparative risk assessment (quantification of risk-
outcome associations accounting for risk factor mediation).

2. The underlying (risk deleted) mortality is modelled as a function of SDI, time, and 
additional cause-specific covariates where appropriate

3. Unexplained residual mortality (ARIMA on residuals)

• Prevalence and incidence are modeled via mortality-to-incidence and 
mortality-to-prevalence and prevalence-only mixed-effects regression models 
with SDI as covariate

1

2

3

Inputs needed: past cause-sex-specific mortality, past and future drivers of health (risk factors, vaccines, interventions, 
Sociodemographic Index,  SDI,  (GDP per capita, educational level, fertility under 25 years)



Selected results from ongoing work (all non-final) 
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Global shift in DALYs for level 1 causes from 2020-2050 - Counts (million)

2020 2050

NCD
61%

CMNN
30%

Injuries

9%

NCD
77%

CMNN

14%

Injuries

9%

NCD = non-communicable diseases;          CMNN = Communicable, maternal, neonatal and nutritional diseases; Injuries (Transport, unintentional, self-harm and interpersonal violence) 



Life expectancy – Change from 2020 to 2050 (reference scenario)
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Global number of deaths (million) 1990-2050 – Level 2 / COVID-19
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~ 7 mill 2020 excess mortality

~ 11 mill 2021 excess mortality

Total deaths (mill)
2019:  56.5 
2020:  63.4
2021:  67.7
2022:  61.1
2023:  59.9

COVID-19
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Oceania
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All-in-one DALY plot (age-standardized rates): 2050 (top) versus 2020 (bottom)

Population (bill)   1.1          0.4                       0.8             2.2              2.1                                 0.7                                                     2.1    

Population (bill)     1.1          0.4                       0.6              1.8              2.2                               0.6                                                          1.1     
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Alternative scenarios - risk factor elimination by 2050*
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Environmental risk 
factors

Water
Sanitation
Hygiene

Air Pollution
Temperature

Behavioral risk factor 

Tobacco

Diet

BMI

*except temperature (two scenarios from Ou et al. Science 2021)



Global all-age deaths (million) by cause and scenarios

All-cause Lung cancer IHD COPD  Diabetes type 2

92

-14

3.9 12.1 7.3 3.1

-1.3

- 6.4

- 2.1

- 2.0

15%↓ 33%↓                                  53%↓                                    28%↓                                  65%↓



Global DALY counts (million) by level 2 causes and scenarios

Reference Combined Difference



Top global environmental risk factors GBD 2019

Global number of deaths (million) attributable to risk factor in the year 2019

https://vizhub.healthdata.org/gbd-compare/

http://ihmeuw.org/5z6u

Abbreviations
LRI = Lower respiratory infections
Lung canc = Lung cancer
IHD = Ischemic Heart Disease
Stroke (ischemic, hemorrhagic, subarachnoid)
COPD = chronic obstructive pulmonary disease
Dia = Diabetes type 2

https://vizhub.healthdata.org/gbd-compare/
http://ihmeuw.org/5z6u


Work in progress: Estimate air pollution burden from CMIP6 models
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Multimodel regional 
mean (SD) PM2.5

SSP1 – RCP-1.9 (1.5C)
SSP1 – RCP-2.6 (1.8C)
SSP2 – RCP-4.5 (2.7C) 
SSP3 – RCP-7.0 (3.9C) 
SSP3 – RCP-7.0 – low NTCF
SSP5 – RCP-8.5 (4.8C) 

SSP1  Sustainability - Green road  (strong apc*)
SSP2  Middle of the road                 (middle apc)
SSP3  Regional Rivalry - Rocky Road (weak apc)
SSP4 Inequality - Road Divided          (weak apc)
SSP5 Fossil-fueled Development - Highway

*apc = Air Pollution Control
SSPs = Shared Socioeconomic Pathways
NTCF = Near Term Climate Forcer ( = SLCF)
CMIP6 = Coupled Model Intercomparison Project Phase 6

Global surface temperature change
(relative to 1850-1900)

From: Turnock ST, Allen RJ, Andrews M,  et al. Historical and future changes in air pollutants from CMIP6 models. 
Atmos Chem Phys 2020; 20:14547–79.

2020 – 2100: PM2.5 change from regional mean (µg/m3) for SSP-RCP combinations

From  IPCC 2022 AR6 - WGII

reference

optimistic

pessimistic



Summary - Forecasting the GBD
• We produce forecasts at full GBD granularity until 2050 (GBD measures, causes, risks, 

sex-age groups)
• Death, YLL, YLD, DALY, incidence, prevalence, 370 causes, 375 locations/204 countries, 

23 age groups by sex, 1990-2050
• Population estimates to 2100 (includes all-cause mortality, fertility, migration)
• Forecasts are covariate driven using all risk factors in the GBD comparative risk 

assessment, SDI and selected interventions
• We produce tailored scenarios of risk factors and interventions (e.g., what happens if we 

set risk exposure from diet, BMI, air pollution, smoking, etc. to zero, or other trajectories of 
interest to policymakers or planners in health and other sectors) 

• Work in progress: Estimate air pollution burden to 2100 for different climate scenarios 

16https://www.healthdata.org/
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