
Lecture 30: Anthropogenic Inputs of 
Greenhouse Gases and causes of the global warming in the 

past 100 years 

1.  Carbon Dioxide emission 

–  Where CO2 comes from?  

–  Where it is absorbed?  

–  How long the CO2 would stay in the atmosphere? 

2.  Is global warming part of natural cycles? Or is it caused by humans? 
Why? 

3.  How much warming is caused by humans?   

4.  What are the certainty and uncertainties about future climate change. 
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Growth rate in 1980s  

= (355-340) ppmv / ( 10 years ) 

= 15/10 =1.5 ppmv / year 

The same in 1990s. 

Seasonal cycle of atmospheric CO2 (Mauna Loa record) 

Eruption of Mt. 
Pinatubo in 

1991 

In addition to documenting the large increase in atmospheric CO2 over the last 
several decades, these data clearly identify the signature of the terrestrial biosphere 

in the annual CO2 fluctuations. 



Changing Atmospheric Composition: 
Indicators of the Human Influence 

•  31% increase since 1750: Highest levels 
   since at least 420,000 years ago  

•   

CO2 

CH4 

N2O 

•  Increased 150% since 1750 to its highest 
   levels in at least 420,000 years 

•  Has both natural (e.g., wetland) and  
  human-influenced sources (e.g., landfills, 

  agriculture, natural gas activities) 
•  Accounts for 20% of total GHG forcing  
•  Increased 16% since 1750 to its highest 

   levels in at least 1,000 years 
•  Has both natural (e.g., soils and oceans) 

  and anthropogenic sources  
•  Accounts for 6% of total GHG forcing  

•  Halocarbons (e.g., CFCs) account for 14% 

Global, well-mixed greenhouse gas  
           (GHG) concentrations 
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Changing Atmospheric Composition: 
Indicators of the Human Influence 

•  Increased 150% since 1750 to its highest 
   levels in at least 420,000 years 

•  31% increase since 1750: Highest levels 
   since at least 650,000 years ago  

Global, well-mixed greenhouse gas  
           (GHG) concentrations 



Global Fossil Carbon Emissions 



Pre-industrial level 
275 ppmv 

Growth rate in the past 250 
years  

= (370-280)/280 

= 90/280 

=0.31 

=31% 

Human Impacts on Atmospheric CO2 

How old is human?  



Pre-industrial level 
275 ppmv 

Growth rate in the past 250 
years  

= (370-280)/280 

= 90/280 

=0.31 

=31% 

Human Impacts on Atmospheric CO2 

How old is human?  

The oldest human we know: Ethiopian rift valley: 276KY old 



Total emission: 
USA 27.8% 
Europe 18.3% 
China: 7.8% 
Russia: 7.5% 
Germany: 6.7% 
UK: 6.1% 
Ships/air: 4% 
Japan: 3.9% 
CanAus: 3.0% 
India: 2.4% 
Rest of world: 12.5% 



Greenhouse Gas Emissions per Capita 



Carbon emissions by state per capita. The redder 
the color, the more emissions per person. 



Where Does Carbon Go (Carbon Sink)? 
Human impact on global C cycle: Burning of fossil fuels, deforestation 

Net emissions by humans = Net changes in carbon cycle 

3 
2 

8.3 

Total human 
emission: 
Industrial: 

6.5 
Land-use: 

1.8 

Absorbed by 
land+ocean: 

Land: 3 
Ocean: 2 

Stay in the 
atmosphere: 3 

?? 0.3 



Terrestrial Biosphere predicted to take up C 
but will level off or reverse next century 



How does natural CO2 sink changes with time? 

Ocean 
absorbed less 

CO2 as its 
surface 

temperature 
and acidity 
increase; 

Terrestrial 
ecosystem also 
absorbed less 

due to e.g., 
droughts. 



How is the increase of Greenhouse gases 
linked to observed climate change? 

•   Results of climate models simulations 
•   Results of paleo-climate records 



Uncertainties about the Global Warming of 
the Past Century 

Skeptics 
 a. No warming discernable in data   
 b. If warming, not from human activities  
   The sunspot cycle   The role of ozone 
   The role of clouds   The role of sulphate aerosols 
   The role of dust   The role of oceans 

 c. If warming, and from human activities, maybe warming not so bad     
 d. If warming, and from human activities, and it is a problem, then 
engineer a solution to pull CO2 out of the atmosphere, e.g., through 
carbon sequestration, while conducting other business as usual (i.e., 
don’t cut CO2 emissions). 

Uncertainties in the temperature data 
 early records are subject to instrumental error and improper sitting 
 uneven land and sea stations 
 too many Northern Hemisphere records 
 urban heat island effect 
 mismatch between satellite, balloon and surface data 

ALL THESE HAVE BEEN CAREFULLY ACCOUNTED FOR OR MOSTLY RESOLVED 



both natural and 
human induced 
changes would 
contribute to the 
observed climate 
change. 
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(GHCN) data set (National Climatic Data 
Center (NCDC); Smith and Reynolds, 2005; 
Smith et al. 2005), and with the National 
Aeronautics and Space Administration’s 
(NASA) Goddard Institute for Space Studies 
(GISS; Hansen et al., 2001) and Lugina et 
al. (2005) analyses (Figure 3.1). Most of the 
differences arise from the diversity of spatial 
averaging techniques. The global average 
for CRUTEM3 is a land-area weighted sum 
(0.68 ! NH + 0.32 ! SH). For NCDC it is 
an area-weighted average of the grid-box 
anomalies where available worldwide. For 
GISS it is the average of the anomalies for 
the zones 90°N to 23.6°N, 23.6°N to 23.6°S 
and 23.6°S to 90°S with weightings 0.3, 
0.4 and 0.3, respectively, proportional to 
their total areas. For Lugina et al. (2005) 
it is (NH + 0.866 ! SH) / 1.866 because 
they excluded latitudes south of 60°S. As a 
result, the recent global trends are largest in 
CRUTEM3 and NCDC, which give more 
weight to the NH where recent trends have 
been greatest (Table 3.2). 

Further, small differences arise from 
the treatment of gaps in the data. The GISS gridding method 
favours isolated island and coastal sites, thereby reducing recent 
trends, and Lugina et al. (2005) also obtain reduced recent 
trends owing to their optimal interpolation method that tends to 
adjust anomalies towards zero where there are few observations 
nearby (see, e.g., Hurrell and Trenberth, 1999). The NCDC 
analysis, which begins in 1880, is higher than CRUTEM3 by 

and since the late 1990s. This is probably because its anomalies 
have been interpolated to be spatially complete: an earlier but 
very similar version (CRUTEM2v; Jones and Moberg, 2003) 
agreed very closely with NCDC when the global averages were 
calculated in the same way (Vose et al., 2005b). Differences 
may also arise because the numbers of stations used by 
CRUTEM3, NCDC and GISS differ (4,349, 7,230 and >7,200 
respectively), although many of the basic station data are in 
common. Differences in station numbers relate principally to 

1961 and 1990 to allow the calculation of anomalies (Brohan et 
al., 2006). Further differences may have arisen from differing 
homogeneity adjustments (see also Appendix 3.B.2). 

Trends and low-frequency variability of large-scale surface air 
temperature from the ERA-40 reanalysis and from CRUTEM2v 
(Jones and Moberg, 2003) are in general agreement from 
the late 1970s onwards (Simmons et al., 2004). When ERA-
40 is sub-sampled to match the Jones and Moberg coverage, 
correlations between monthly hemispheric- and continental-
scale averages exceed 0.96, although trends in ERA-40 are then 
0.03°C and 0.07°C per decade (NH and SH, respectively) lower 
than Jones and Moberg (2003). The ERA-40 reanalysis is more 
homogeneous than previous reanalyses (see Section 3.2.1 and 

Appendix 3.B.5.4) but is not completely independent of the 
Jones and Moberg data (Simmons et al., 2004). The warming 
trends continue to be greatest over the continents of the NH (see 
maps in Section 3.2.2.7, Figures 3.9 and 3.10), in line with the 
TAR. Issues of homogeneity of terrestrial air temperatures are 
discussed in Appendix 3.B.2.

Table 3.2 provides trend estimates from a number of 
hemispheric and global temperature databases. Warming 
since 1979 in CRUTEM3 has been 0.27°C per decade for the 
globe, but 0.33°C and 0.13°C per decade for the NH and SH, 
respectively. Brohan et al. (2006) and Rayner et al. (2006) (see 
Section 3.2.2.3) provide uncertainties for annual estimates, 
incorporating the effects of measurement and sampling error, 
and uncertainties regarding biases due to urbanisation and 
earlier methods of measuring SST. These factors are taken into 
account, although ignoring their serial correlation. In Table 3.2, 
the effects of persistence on error bars are accommodated using 
a red noise approximation, which effectively captures the main 

From 1950 to 2004, the annual trends in minimum and 
maximum land-surface air temperature averaged over regions 
with data were 0.20°C per decade and 0.14°C per decade, 
respectively, with a trend in diurnal temperature range (DTR) 
of –0.07°C per decade (Vose et al., 2005a; Figure 3.2). This 
is consistent with the TAR where data extended from 1950 to 
1993; spatial coverage is now 71% of the terrestrial surface 
instead of 54% in the TAR, although tropical areas are still 

to develop global-scale maps of maximum and minimum 
temperature trends. For 1979 to 2004, the corresponding linear 
trends for the land areas where data are available were 0.29°C 

Figure 3.1. Annual anomalies of global land-surface air temperature (°C), 1850 to 2005, relative to the 
1961 to 1990 mean for CRUTEM3 updated from Brohan et al. (2006). The smooth curves show decadal 
 variations (see Appendix 3.A). The black curve from CRUTEM3 is compared with those from NCDC (Smith 
and Reynolds, 2005; blue), GISS (Hansen et al., 2001; red) and Lugina et al. (2005; green).

How does so-called “climategate” affect 
conclusion of climate change?   

Data from U. of East Anglia a.  Original data 
are available to 
public freely so 
anyone can 
verify the 
results 

b.  Even when we 
drop the data 
from U. of E. 
Anglia, 
evidence for 
warming is still 
overwhelm.   



Anyone can verify glacier melting with their own eyes.   











Temperature change is more sensitive 
to CO2 change when CO2 is lower.  
Why?  





Certainty:  
 Increase GHGs will increase 

global temperatures 
Uncertainties:  

 Magnitudes of feedbacks, 
e.g., clouds, aerosols, rainfall 
induced ecosystem feedbacks and 
land use change. 



Summary-Discussion: 

What are the main sources of human-caused increase of CO2? 
How much human-emitted CO2 during the past century stays in the 
atmosphere?   

Where did the rest of the CO2 go? 

Do you expect the natural carbon sink to increase or decrease? 

How do scientists reach conclusion that the observed warming in 
the last 100 years are mainly caused by human induced increase of 
greenhouse gases? 

What are uncertainties and uncertainties in determining the future 
climate change? 


