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This is a collaborative project that includes MIT, University of Alaska Fairbanks, Marine 
Biological Laboratory at Woods Hole, MA in addition to Purdue.  The major role of Purdue is to 
further develop Methane Dynamics Model (MDM) that can be integrated to MIT Integrated 
Global System Model (MIT-IGSM), which is used to test our research hypotheses. During the 
three-year project period, Purdue University has specifically accomplished the following. 
 
(1) Revised the existing Methane Dynamics Model (MDM) to consider the effects of changes of 
atmospheric pressure.  The algorithms of soil methane production, soil methane consumption, 
and methane transport to the atmosphere have been revised to consider the effects of changes of 
atmospheric methane concentrations and pressure changes due to dynamics of various gases in 
soil profile in addition to other existing factors.  We have further evaluated these revisions with 
observed methane fluxes at various wetland ecosystem sites (Tang et al., 2010).  
 
(2) Applied the methane dynamics model (MDM) to Siberian region to demonstrate that 
ebullition estimates could increase previous estimates of regional terrestrial CH4 emissions 3- to 
7-fold in Siberia (Anthony Walter et al., 2010). 
 
(3) Conducted an analysis of the carbon balance of the Arctic Basin from 1997 to 2006 to show 
that terrestrial areas of the Arctic were a net source of 41.5 Tg CH4 yr−1 that increased by 0.6 Tg 
CH4 yr−1 during the decade of analysis, a magnitude that is comparable with an atmospheric 
inversion of CH4. Because the radiative forcing of the estimated CH4 emissions is much greater 
than the CO2 sink, the analysis suggests that the Arctic Basin is a substantial net source of green 
house gas forcing to the climate system (McGuire et al., 2010). 
 
(4) Improved the quantification of CH4 fluxes in the Arctic with inversion methods, we 
developed a series of inversion and transport techniques to assimilate the satellite retrieval data 
methane into inversion models (Tang and Zhuang, 2010, 2011).  Our developed scheme to 
propagate correlations between online and off-line state variables in atmospheric inversion is 
extended to the fixed-lag ensemble square root Kalman smoother and fixed-lag square root 
sigma-point Kalman smoother, allowing us to treat nonlinear observation operators easily.  
 
(5) Evaluated AIRS CH4 retrieval data with a transport and inversion model and surface flux and 
aircraft data (Xiong et al., 2010).  Our study demonstrated that an apparent increase of CH4 over 
Alaska associated with the 2004 Alaska forest fire and a negative bias of the atmospheric 
transport and chemistry model in northern high latitudes. The larger bias of the model 
simulations in the late winter to early spring may indicate possible unidentified CH4 emission 
sources (e.g., the use of energy or gas leakage) during this period, but more studies will be 
needed due to the retrieval uncertainties in the polar winter season. The summer increase of 
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MUT‐CH4 is related to surface emission, but the enhanced convection in summer is likely the 
most important driver. 
 
(6) To better quantify methane emissions from wetlands, we extended the MDM within a 
biogeochemistry model, the Terrestrial Ecosystem Model (TEM), to include a large-scale 
hydrology model, the variable infiltration capacity (VIC) model. The VIC model provides the 
required inputs, including freezing and thawing fronts, soil temperature and moisture, to the 
methane module. The effect of topography on the redistribution of soil moisture and water table 
depth was explicitly modeled using the TOPMODEL approach. The coupled modeling 
framework was applied to the Yukon River basin at a spatial resolution of 1 km from 1986 to 
2005.  The simulations show that the average annual net emissions of CH4 from the region 
are 4.01 Tg CH4 yr−1.  El Niño phenomena usually lead to positive emission anomalies, 
while decreases in net CH4 emissions may be associated with strong La Niña events. 
Precipitation was found to be more closely related to CH4 dynamics than to soil 
temperature and active layer depth during the study period. This study suggests that the 
effects of soil freezing and thawing processes and the effects of microtopography on 
hydrology should be considered in the quantification of CH4 emissions (Lu and Zhuang, 2012). 
 
(7) More recently, we developed a single box atmospheric chemistry model involving 
atmospheric methane (CH4), carbon monoxide (CO) and radical hydroxyl (OH) to analyze 
atmospheric CH4 concentrations from 1984 to 2008.  We found that, when OH is allowed to 
vary, the modeled CH4 is 20 ppb higher than observations from the NOAA/ESRL and AGAGE 
networks for the end of 2008. However, when the OH concentration is held constant at 
106 molecule cm−3, the simulated CH4 shows a trend approximately equal to observations. 
Both simulations show a clear slowdown in the CH4 growth rate during recent decades, from 
about 13 ppb yr−1 in 1984 to less than 5 ppb yr−1 in 2003. Furthermore, if the constant OH 
assumption is credible, we think that this slowdown is mainly due to a pause in the growth of 
wetland methane emissions. In simulations run for the Northern and Southern Hemispheres 
separately, we find that the Northern Hemisphere is more sensitive to wetland emissions, 
whereas the southern tends to be more perturbed by CH4 transportation, dramatic OH change, 
and biomass burning. When measured CO values from NOAA/ESRL are used to drive the 
model, changes in the CH4 growth rate become more consistent with observations, but the long-
term increase in CH4 is underestimated.  This shows that CO is a good indicator of short-term 
variations in oxidizing power in the atmosphere. The simulation results also indicate the 
significant drop in OH concentrations in 1998 (about 5% lower than the previous year) was 
probably due to an abrupt increase in wetland methane emissions during an intense EI Nin˜o 
event. Using a fixed-lag Kalman smoother, we estimate the mean wetland methane flux is about 
128 Tg yr−1 through the period 1984–2008. This study demonstrates the effectiveness in 
examining the role of OH and CO in affecting CH4 (Tan and Zhuang, 2012). 
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