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Data
 The data used in the study consist of several data sets. The data of

primary interest is atmospheric carbon dioxide in the air recorded at

several sites located at various latitudes in the open water illustrated

below in Figure 1. Data gathered and maintained by Scripps

Institution of Oceanography. Monthly values are expressed in parts

per million (ppm).

Figure 1: Map of

monitoring sites for

carbon dioxide in

the atmosphere.
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CO2 by Station

Figure 2: Line graph of atmospheric carbon dioxide (ppm) by location
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CO2 by Station

Figure 3: Box plots of carbon dioxide in the atmosphere by location 
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Parametric Analysis
 Figures 4 and 5 illustrate that the data’s distribution not best 

characterized by the normal probability distribution. There is no 

symmetry and there is a heavy tail, which indicates the Frechet 

probability distribution; however, the strong peak best characterized 

by the Weibull probability distribution.

Figure 4: Histogram of CO2 in the 

atmosphere measured in Hawaii.

Figure 5: Normal probability plot
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Parametric Analysis

Figure 5: Three-parameter Weibull probability 

distribution fit to data from Hawaii 
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Standard Statistic Test for 

Goodness of Fit

Figure 6: Goodness-of-Fit Test (all stations) 
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Three-Parameter Weibull

 The three-parameter Weibull best characterizes the probability 

distribution of the amount of carbon dioxide in the atmosphere where 

the cumulative three-parameter probability distribution is given by
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where is the location parameter, is the scale parameter and is

shape parameter; the support of this probability density function is

and nth moment is given by , where is the Gamma

function. The mean is

and the variance is                                      .
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Estimation of the Parameters

 Hence, for the stations overall, the cumulative probability distribution 

is given by 

and for the station located in Mauna Loa, Hawaii is given by 

7.343ˆ,029.23ˆ,779.2ˆ  

6.349ˆ,092.17ˆ,108.2ˆ  

Data Source Parameter Estimates

All Stations

Hawaii
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Trend Analysis
 To determine if this probability distribution of carbon dioxide in the

atmosphere dependents on time, consider the three-parameter Weibull

probability distribution function by considering the mean yearly

carbon dioxide in the atmosphere as a function of time in years given

by , where is either a constant, linear, quadratic or

exponential function.

 It was determine using standard statistical tests that the better fit

function is as follows:

 )(tfy )(tf

28107475.800224666.0028.314ˆ tty 
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Profiling
 The cumulative conditional probability distribution is given by

Hence, consider the cumulative probability distribution function given by
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Profiling and Projections

 Projecting into the future 10 year (to 2017), at a 95% level

of confidence, we have that the probable amount of

carbon dioxide in the atmosphere will be between 381.35

and 410.11 ppm, Figure 7. Projecting twenty years into

the future (to 2027), at a 95% level of confidence, we

have that the probable amount of carbon dioxide in the

atmosphere will be between 397.20 and 425.96 ppm.

Projecting fifty years into the future (to 2057), at a 95%

level of confidence, we have that the probable amount of

carbon dioxide in the atmosphere will be between 460.56

and 489.32 ppm, Figure 8.



13

Profiling: Ten Year Projections

Figure 7: Projections through 2017 
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Profiling: Fifty Year Projections

Figure 7: Projections through 2057 
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Confidence Intervals
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Differential Equation of CO2
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E is fossil fuel Combustion, which is a function of the following: Gas fuel, Liquid fuel, Solid fuel, 

Gas flares, Cement production

D is Deforestation and Destruction of biomass and soil carbon, which is a function of the 

following: Deforestation, Destruction of biomass, Destruction of soil carbons, R is terrestrial 

plant Respiration

S is Soil respiration from soils and decomposers such as bacteria, fungi, and animals, which is a 

function of the following: Respiration from soils, Respiration from decomposers

O is the flux from Oceans to atmosphere

P is terrestrial Photosynthesis

A is the flux from Atmosphere to oceans

B is the Burial of organic carbon and limestone carbon in sediments and soils, which is a function 

of the following: Burial of organic carbon, Burial of limestone carbon



17

Developed Sub Models
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Developed Model
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