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Background/Objective

As the population of the world increases and as people around
the world live longer lives, the need to treat aging-associated
diseases increases.

Some of these treatments and other medical research use
radiological materials such as Cobalt-60, Iridium-192, and
Cesium-137.

These materials could be used to fabricate a radiological
dispersion device or “dirty bomb”.

Objective: To forecast, by country, the future demand of medical
equipments that use Cobalt-60 and Iridium-192.
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Variables

Dependent variable [Data available for 2011 only.]
Co60: Number of equipments, in a country, that use Cobalt-60.
HDR(High Dose Rate): Number of equipments, in a country, that use
an HDR-Co60 or HDR-Ir192.

Independent variables

1. HDI:Human Development Index. [Data available through 2011.]

2. GDP: Gross Domestic Product (per capita).

3. CR: The number of deaths caused by cancer.

4. CPI: Corruption Perceptions Index [0 means highly corrupted].

5. CO2: Carbon dioxide emissions.

6. CRUPT: Control of corruption [Z=-2.5 means weak government control].

7. Total population: In thousands. [Data available through 2030.]

8. Hemisphere: Indicator (southern vs. northern).

9. Region: South America, Africa, Asia and Oceania, Eastern Europe, Small
Islands, North America and Western Europe, Middle East.

10. Country Age: Independence or Birthday for Country [2051 minus the
Calendar years (negative value for BC years) in 2011].
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Statistical methods

To model Co60 and HDR for the year 2011(extrapolation for
the years 2020 and 2030) we use Quasi-Poisson GLM:

Yi = β0 +
∑k

i=1 βiXi + εi , Var(Y ) = φE (Y )

Yi ∼ Poisson(µi )

log(µi ) = E (Y |X ) = β0 +
∑k

i=1 βiXi

To forecast the values of HDI, GDP, CR, CPI, CO2 and
CRUPT for the years 2020 and 2030, we use:

Local polynomial regression
fitting (loess) [imputation]
Time series with regressors

Non-linear regression

Linear regression
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Figure 1: GDP (per capita) over
time for Iraq. Solid dots are the
imputed values using loess with
span=0.5.

Forecasts for Iceland from ARIMA(2,2,3)
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Figure 2: ARIMA Modeling for
CR (total death due to cancer)
for Iceland with Total Population
as a regressor. Note that before
forecasting, we used loess to
impute the missing values.
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Figure 3: HDI vs. time in a
Nonlinear Regression Growth
Like Curve for Bahrain. Solid
points in blue are the actual
values and the non-solid red
points are predicted ones.
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Forecasts for Russia using linear regression
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Figure 4: HDI vs. Time in a
Simple Linear Regression for
Russia. Solid points in blue are
the actual values and the
non-solid red points are
predicted ones.
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Results (Modeling Co60)

Figure 5: Co60 Model: Best Model Based on AIC, Max=613(China),
R2=0.977795.
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Figure 6: The association between the observed and predicted values of
Co60.
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Figure 7: True Co60 in 2011
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Figure 8: Predictied Co60 in 2011
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Figure 9: Predicted Co60 in 2020
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Figure 10: Predicted Co60 in 2030
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Results (Modeling HDR)

Figure 23: HDR Model: Best AIC Model, Max=332(USA),
R2=0.9313264.
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Figure 24: The association between the observed and predicted values of
HDR.
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Figure 25: True HDR in 2011
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Figure 26: Predictied HDR in 2011
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Figure 27: Predicted HDR in 2020

30 / 45



Background Variables Methods Results Conclusion Co60 HDR

Figure 28: Predicted HDR in 2030
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Conclusion
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Figure 41: Global map for the actual and predicted values for Co60 for
Three Regions (1. North and South America, 2. Europe, Africa and the
Middle East, 3. Old USSR, Asia and Oceania).
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Figure 42: Global map for the distribution of actual and predicted HDR
values for Three Regions (1. North and South America, 2. Europe, Africa
and the Middle East, 3. Old USSR, Asia and Oceania).
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