
PAUL WHELAN – ESCI592 – ASSIGNMENT#2 – 6 FEB 2012 
PT. I – 1)  

 

 

PT. I – 2) Amount of C02 for July 1st, 1989? 
 EQ1: t = July 1st, 1989 = 89.5;             
 f(89.5) = 0.01378(89.5)2 – 0.8446(89.5) + 316.9131  f(89.5) = 110.3812 – 75.5917 + 316.9131 
 f(89.5) = 351.7026 ppmv C02 
  
 EQ2: t = 89.5              
 f(89.5) = (0.0104(89.5) + 2.1057)sin(6.283(89.5)) + 0.01378(89.5)2 – 0.8446(89.5) + 316.9131 
 f(89.5) = (0.9308 + 2.1057)sin(562.3285) + 110.3812 – 75.5917 + 316.9131 
 f(89.5) = (3.0365)(-0.3799) + 110.3812 – 75.5917 + 316.9131 
 f(89.5) = -1.1536 + 110.3812 – 75.5917 + 316.9131 
 f(89.5) = 351.9132 ppmv CO2 

 

280

290

300

310

320

330

340

350

360

370

380

C
O

2 
(p

p
m

v)
 

Year 

Atmospheric CO2 Concetration from 1959-2000 [with seasonal fluctuation] 

280

290

300

310

320

330

340

350

360

370

380

C
O

2 
(p

p
m

v)
 

Year 

Atmospheric CO2 Concetration from 1959-2000 [no seasonal fluctuation] 

EQ1: f(t) = 0.01378t2 – 0.8446t + 316.9131 where t = year + 
𝑀𝑜𝑛𝑡ℎ−1

12
 - 1900 

315.09 ppmv CO2 where t=59 

372.02 ppmv CO2 where t=100 

315.05 ppmv CO2 where t=59 

370.59 ppmv CO2 where t=100 

EQ2: f(t) = (0.0104t + 2.1057)sin(6.283t) + 0.01378t2 – 0.8446t + 316.9131 where t = year + 
𝑀𝑜𝑛𝑡ℎ−1

12
 - 1900 

 



PT. I – 3) Rate of change on July 1st, 1989? 
 EQ1: t = July 1st, 1989 = 89.5            
 f(t) = 0.01378t2 – 0.8446t + 316.9131  f ’(t) = (0.01378   2)t – 0.8446  
 --f ’(t) = 0.02756t – 0.8446 
 f ’(89.5) = 0.02756(89.5) – 0.8446 
 f ’(89.5) = 2.4666 – 0.8446 
 f ’(89.5) = 1.622 ppmv dCO2/dt 
  
 EQ2: t = 89.5              
 f(t) = (0.0104t + 2.1057)sin(6.283t) + 0.01378t2 – 0.8446t + 316.9131  
 f ’(t) = (0.0104)sin(6.283t) + [(0.0104   6.283)t + (2.1057   6.283)]cos(6.283t) + (0.01378   2)t – 0.8446 
 --f ’(t) = (0.0104)sin(6.283t) + (0.06534t + 13.2301)cos(6.283t) + 0.02756t – 0.8446 
 f ’(89.5) = (0.0104)sin(6.283(89.5)) + (0.06534(89.5) + 13.2301)cos(6.283(89.5)) + 0.02756(89.5) – 0.8446 
 f ’(89.5) = 0.0001725 – 19.07536 + 2.4666 – 0.8446 
 f ’(89.5) = -17.453 ppmv dCO2/dt 
 
PT. I – 4) In #2, you would expect the two values from EQ#1 and EQ#2 to be the same. This is because the 
compared values are for July 1st which for EQ#2 happens to be the midway point for respiration in the Northern 
Hemisphere (N.H.). Therefore the value is [roughly] the average for 1989 in EQ#2, and since EQ#1 is the model 
without seasonality and shows the overall trend of CO2 rise, you would expect these values to be about the same.  
 In #3, you would expect these values to be starkly different. While the amount of CO2 is roughly the same at 
this point, the rate of change for each equation is quite different. This is because EQ#1 does not incorporate 
seasonality and, therefore, no negative value would be possible given rising CO2 concentrations since the industrial 
revolution. However, EQ#2 includes seasonal variation and, therefore, exhibits both a negative rate of change due 
to respiration in the N.H. and positive rate of change during N.H. winter (end of growing season) on an interannual 
basis. For each year, CO2 concentrations show an apex in April and nadir in October (generally), therefore 
displaying a positive rate of change from OctoberApril and negative from AprilOctober. Since the rate of 
change in #3 is examined in July, CO2 levels are dropping as plants sequester CO2 in the N.H. As EQ#1 does not 
account for this variation, the rate of change for the same date is not especially high and positive as it represents 
the increase in CO2 overall; in EQ#2 seasonality is accounted for and we see a strong negative rate of change as July 
is when the rate of CO2 reduction is very high. While EQ#1 shows the trend, EQ#2 shows the seasonal variation 
that, when averaged, equates to EQ#1. While CO2 levels are increasing during 1989, in July the terrestrial 
ecosystems of the N.H. are actually reducing atmospheric CO2 concentrations. 
 
PT. II – 1)  
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EQ3: f(t) = 0.0294t2 – 1.7989t + 675.0249 where t = year + 
𝑀𝑜𝑛𝑡ℎ−1

12
 - 1900 

841.94 GtC where t=111 

650.12 GtC where t=40 



 
PT. II – 2) Amount of C02 in atmosphere in 1940? 
 EQ3 – 1940: t = 40  f(40) = 0.0294(40)2 – 1.7989(40) + 675.0249  f(40) = 47.04 – 71.956 + 675.0249 
 f(40) = 650.1089 GtC 
 
PT. II – 3) Area under the curve from 1940-2011? 

 EQ3 – 1940: a = 40; 2011: b = 111 for  ∫  ( )    ( )   ( )
 

 
 where g is the integral of f 

 therefore: ∫  ( )    (   )   (  )
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 + 675.0249t + C (where C is an unknown constant) 

 therefore: g = 0.0098t3 – 0.8995t2 + 675.0249t + C 
 
 g(a) where a = 40 [year 1940]            
 g(a) = g(40) = 0.0098(40)3 – 0.8995(40)2 + 675.0249(40) + C 

g(40) = 627.2 – 1439.2 + 27000.996 
 --g(40) = 26,188.996 
 
 g(b) where b = 111 [year 2011]            
 g(b) = g(111) = 0.0098(111)3 – 0.8995(111)2 + 675.0249(111) + C  
 g(111) = 13402.7838 – 11082.7395 + 74927.7639 
 --g(111) = 77,247.8082 
 

 therefore if: ∫  ( )    (   )   (  )
111

4 
 then: ∫  ( )   (          )  (         )
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 and so: 

 ∫  ( )              
   

  
 GtC;   

 This amount represents the summation of all carbon in the atmosphere [in mass] from 1940-2011, which 
 totals 51,058.8122 GtC. This includes  anthropogenically produced atmospheric carbon as well as all 
 ongoing natural processes in the carbon cycle (i.e. photosynthesis, Urey reaction, etc.). 
 
PT. II – 4) Prediction of the mass of carbon in the atmosphere in 2100. 
 EQ3: - 2100: t = 200 where:  f(t) = 0.0294t2 – 1.7989t + 675.0249 
 f(200) = 0.0294(200)2 – 1.7989(200) + 675.0249 
 f(200) = 1176 – 359.78 + 675.0249 
 f(200) = 1,491.2749 GtC in the atmosphere in 2100 
 
 In terms of the carbon cycle, a host of assumptions are made for this prediction. Foremost, the ability for 
the ocean to sequester carbon is a function of the amount of dissolved CO2 (carbonic acid) already present. This 
means that as the oceans sink more and more carbon, the rate of sequestration will erode because the reaction is 
buffered by the Revelle factor. If the ability of the oceans to sink CO2 is diminished, this will greatly affect forecasts 
as currently oceans account for a majority of global sequestration. In addition, our understanding of sequestration 
by terrestrial ecosystems across the globe remains poor. This ‘missing’ sink is responsible for sequestering ~1.5 
GtC/year and due to our lack of understanding, forecasts for future atmospheric CO2 concentrations are difficult to 
make. If we don’t understand the mechanisms for terrestrial sequestration, we can’t be sure that in the future it 
will continue at the same rate, improve and sequester more carbon, or slow down and perhaps stop. While we are 
aware of processes that pull carbon out of the air, such as photosynthesis, it remains highly difficult to quantify the 
overall trend across the entire planet on comparatively brief timescales. In addition to variability regarding carbon 
sinks, sources of atmospheric carbon are likely to fluctuate as well. How we get our energy and what we do with 
our land are two highly variable source parameters in this equation that can significantly alter future atmospheric 
carbon levels. This uncertainty is further exacerbated as the developing world will play an increasingly large role 
in carbon sources depending on policy decisions, one of which being what energy options they choose to adopt. If 
they follow in footsteps of developed nations, we could see a significant increase in fossil fuel consumption and 
resulting CO2 emissions. On the global scale, how much longer we choose to pull geologic carbon out of the ground 
and emit it into the atmosphere for our energy needs has the ability to greatly alter the prediction above, either 
reducing or amplifying it. Modeling the amount of carbon in the atmosphere is a highly instructive tool, but how 
sources and sinks of carbon change in the coming years may radically alter any predictions we make today.  


