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2.8 Calculation of the zonal and global mean mole fractions, trends, and growth rates 
 Zonal means of mole fractions (every 30°) are calculated using synchronized data (Section 
2.7) from stations located in each latitudinal band. Global and hemispheric means are calculated by 
averaging the zonal means, taking into consideration the area ratio of each latitudinal band. 
Deseasonalized long-term trends for the globe, both hemispheres and each latitudinal band are 
calculated by removing the seasonal cycle as described in Section 2.5.  Growth rates for the globe, 
both hemispheres and each latitudinal band are the time derivatives of the long-term trends. 
 
 To derive long-term trends for the entire period, we provisionally applied a linear trend for 
CO2 and N2O and a quadratic trend for CH4 over the synchronizing period. Therefore, the analyzed 
trends and growth rates at both ends of the record (about a half year) could depart from actuality.  
 
3. DISCUSSION 
 

3.1 Comparison with results from NOAA 
 NOAA/ESRL/GMD operates a global observation network and also contributes to the GAW 
programme. NOAA/ESRL/GMD produces an internally consistent synchronized dataset using the 
method of Masarie and Tans [1995] to calculate zonal and global results. The major differences 
from our method are the selected stations (the GAW observation network includes stations not 
included in the NOAA network) and the methods of interpolation and extrapolation for gaps in 
observations. Most of the NOAA stations employed for global means are located in coastal areas 
and usually sample marine boundary layer air. Furthermore, NOAA employs the Latitude Reference 
Method [Masarie and Tans, 1995] for interpolation and extrapolation; this method determines mole 
fractions at a station by fitting a latitudinal smoothing curve each week to the marine boundary layer 
stations. 
 
 Figure 10 shows the differences (NOAA-WDCGG) in CO2 global mean monthly mole 
fraction, as determined by NOAA and the WDCGG. In this Figure, NOAA’s values are referenced 
from the Carbon Cycle Group website in NOAA/ESRL/GMD. The WDCGG global mean was, on 
average, 0.35±0.31 ppm larger than that of the NOAA. Seasonally, WDCGG summer values were 
usually smaller than those of NOAA, but the WDCGG values were larger during other seasons, 
particularly the winter. Two potential causes for these discrepancies are the different stations used 
and the difference in global analysis method. Although the WDCGG exclude station whose weight is 
smaller before the global mean calculation (see Section 2.4), the stations used by WDCGG include 
inland stations that are closer to sinks and sources than NOAA’s. As a result, the summer decrease 
caused by plant photosynthesis and the winter increase caused by plant respirations and rise of 
fossil fuel combustion, are expected to be greater than that of the NOAA marine boundary layer 
stations. In order to study the cause of the global mean difference between NOAA and WDCGG, we 
calculated the global mean mole fractions by the WDCGG method using monthly mean data at the 
NOAA marine boundary layer stations (see Masarie and Tans [1995]) that are archived in the 
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WDCGG. By comparison, the difference between the WDCGG and NOAA global means was 0.13 
ppm, which indicates that the effect of using the different stations (0.22 ppm) is greater than the 
effect of using a different method.  
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Figure 10. Difference between the WDCGG and NOAA globally-averaged CO2 monthly mole fractions 
 
 
3.2 Examples of global analyses 
 Figure 11 shows three-dimensional representations of the latitudinal distributions of 
atmospheric CO2 mole fractions (top) and growth rates (bottom) derived from the synchronized 
dataset. These figures are convenient to easily understand the global CO2 increase with seasonal 
variation and variable global growth rates. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11.  Three-dimensional representations of the monthly variations of zonally-averaged 
atmospheric CO2 distribution (mole fractions (top) and growth rates (bottom)). The latest version is 

reported in the WMO WDCGG Data Summary 
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 The growth rate of CO2 is closely related to global temperature and drought that affect CO2 
emission from the land biosphere [e.g. Keeling et al., 1995]. Figure 12 shows the relationship of 

CO2 rate of incerase in the tropics (30°N-30°S) with temperature anomaly (5 months running mean) 
on land in the tropics from a 24 year average determined using JRA-25 reanalysis data [Onogi et al., 
2007]. The rate of CO2 increase and the temperature anomaly correlate well, except for 1991-1992, 
due to the effect of the Mt. Pinatubo volcanic eruption. The correlation coefficient for the entire 
period (1983-2006) was 0.70. Notably, at tropical latitudes, both the temperature anomaly on land 
and the growth rate of CO2 remained high after 2001. However, the global increase in CO2 
observed after 2001 may be due to an increase in anthropogenic CO2 emissions [Canadell et al., 
2007].  
 

 
Figure 12.  Time series of CO2 growth rates in the tropics (30°N-30°S) and temperature anomaly (5 

months running mean) on land in the tropics calculated from the JRA-25 reanalysis data. The 
temperature anomaly is the difference from the mean of the entire period (1983-2006). The latest 

version is reported in the WMO WDCGG Data Summary 
 
 
4. SUMMARY 
 A synchronized dataset with no gaps in the observation period that is traceable to the WMO 
standard scale is practical for global analyses of greenhouse gases. The WDCGG produces such a 
dataset using data from the GAW global observation network and following procedures: 

• Station selection based on traceability to the WMO standard scale  
• Integration of parallel data from the same station 
• Selection of stations suitable for global analyses 
• Interpolation of data gaps 
• Extrapolation of data for synchronization throughout the observation period. 
 
 Using the synchronized dataset, the WDCGG calculates monthly means, long-term trends 
and growth rates for each latitudinal band. Subsequently, the global mean and other global statistics 
are calculated using latitudinal values weighted according to area. NOAA also publishes global 
mean mole fractions using their own observation network, which is also part of the GAW network. 
The difference between the NOAA and WDCGG global mean mole fractions from 1983 to 2006 
averaged 0.33±0.31 ppm, primarily because different stations are used in each analysis. 
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 The WMO has organized the GAW programme to monitor the global atmospheric 
environment. The GAW network is officially recognized as supplying the CO2 and CH4 data of the 
GCOS which supports research and systematic observations under the UNFCCC. The WDCGG 
gathers, archives, and disseminates data about greenhouse gases and related tracer 
measurements from observation stations, and also performs global analyses such as calculations of 
global mean mole fractions. Through these activities, the WDCGG will contribute to global warming 
prevention in the future.  
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