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CH4 in ice core from Antarctica and surface 
station over the last 1000 years

(IPCC 1994)



11.2ppbv/year 1.8ppbv/year—NH
7.7ppbv/year—SH

（Many of these factors contributor to the observed CH4 in 1992,but it is 
not clear what their relative contributions are.IPCC 1995）
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• transport
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• wet deposition
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104 reactions
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Long-term trends 
of CH4,CO,OH

Peaceman-Rachford
method

Experiments are done to study…

This model is by Zhang R.J.,(1999,2000,2001)



Chemical species：
Fixed species(5):  N2 O2 H2 CO2 H2O 
Transportation species(16) ：
CH4， N2O， CO， CH3CL， CFCL3， CCL4， CF2CL2，
CH3CCL3， O3，NOx(=NO+NO2)， H2O2 ，HNO2， HNO3，
HNO4， N2O5
Short life-time species(13)：
O(3P)，O(1D)，H，OH， HO2， N，NO3 ，HCO，
CH2O， CH3，CH3O ，CH3O2 ，CH3OOH

Chemical and photo reaction
Two body reaction and three body reaction                  81
Photo reaction                                               23

Chemical mechenism









Time step=4×2＝8hour
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term trends of carbon monoxide inferred using a 2-d 
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1.Simulation of  CH4, CO at Minqin
inferred by 2D Global Chemical model  



工业革命以来排放源的长期变化
CH4 Syear＝280＋39.225(e(0.0132324*(year-1840)-1)
CO    Syear＝320＋76.8(e(0.01312*(year-1840)-1)
NOx Syear＝20＋3.2(e(0.01312*(year-1840)-1)



Modeled long-term trends of CH4, CO, OH and O3





-90 -60 -30 0 30 60 90
Latitude

0

40

80

120

160

200

CO
(p

pb
v)

Modeled CO
Observed CO (NOAA/ CMDL)

Latitudinal distribution of ground  CO in 1990 



The distribution of OH in 1991(Jan. And Jul.) (Unit: ppbv) 



The distribution of CO in 1991(Jan. And Jul.) (Unit: ppbv) 



The distribution of CH4 in 1991(Jan. And Jul.) (Unit: ppbv) 



Annual growth rate(Tg/yr) 
Modeled increase of CH4 is 37.9Tg/yr in 1990, or 0.84%/yr, 13ppbv/yr.
According to IPCC (1994), atmospheric increase of CH4 from 1980 to 1990 was about ~35-40 Tg/yr
The calculated annual increase of global CH4 mixing ratio during 1983-1991 is ~12.1-13.3ppbv. 
The observed annual increase of CH4 during 1983-1991 is 11.1-11.6ppbv (Dlugokencky et.al., 1994)
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Modeled annual growth rate of CH4(％/yr)
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Modeled CH4 and OH at Minqin(OH:105molecule/cm3)
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According to Wang et al.(1990), CH4 increased by 1.6% during 1985-1987



Modeled seasonal variation of ground CH4(35－40°N) at 
Minqin(38°37′N, 103° 5′E)China during 1994-1998 
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According to CH4 data by Prof. Ren and Khalil, CH4 increased by 0.16% during 
1996-1998



Modeled seasonal variation of ground CO(35－40N) at 
Minqin(38°37′N, 103° 5′E)China during 1985-1988
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Modeled seasonal variation of ground CO(35－40N) at 
Minqin(38°37′N, 103° 5′E)China during 1996-1998

1994Jan. Jul. 1995Jan. Jul. 1996Jan. Jul. 1997Jan. Jul. 1998Jan. Jul.
Year-month

75

100

125

150

175

200

225
C

O
(p

pb
v)

Modeled CO

Observed CO

Averaged CO =125ppbv, decreased by 25%

CO data is from Prof. Lixin Ren and M.A.K.Khalil in CAS-DOE Joint research



Summary

1. The annual growth rate of CH4 at Minqin is 1.6% in 1987 and 0.16 
in 1997. It shows that the increase growth rate of CH4 has been 
much slower down in 1990s. It imply that the real emission and sink 
condition of CH4 in 1980s and 1990s are different. 

2. The averaged concentration of CO is 169.4 ppbv during 1986-1987 
and 125.4 ppbv during 1996-1998. CO concentration in 1986-1987 
is 25% lower than that in 1996-1997 at Minqin. 

3. The modeled seasonal variation trends of CH4 and CO are compared 
with observations. The maximum and minimum of CH4 and CO 
reverse that of OH as the sink of OH is mainly reacted with CH4 and 
CO. The modeled seasonal variations of CH4 and CO agree well 
with observation data at the baseline station of minqin, Ganshu
province, China. Both CH4 and CO have high concentration in 
winter time and low concentration in summer time at Minqin. 
Modeled results shows that OH radical have low concentration in 
winter time and high concentration in summer time at Minqin.



4. Possible cause for the Change of CH4 and CO 
in 1980s and 1990s:

5. CO emission

IF

And
OK!



Recent observation of aerosol/dust storms in Beijing

Renjian Zhang 
Institute of Atmospheric Physics,

Chinese Academy of Science, Beijing, 100029  P.R. China

Zrj@mail.iap.ac.cn



A) Effect on climate and environment
B) Traffic, airport,farmland 
C) Economical loss 
D) People’s health and life
E) etc.

Why do we research dust aerosols?



New  Features of Dust storm in China

In recent years

•Frequency being increasing:
In 2000                     15 times 
In 2001                    18 times
In 2002                    17 times
Influencing wider areaInfluencing wider area
6 April,2000     2-3rd of China
•Dust storm being much severer
6 April,2000                       3900µg/m3

•Period of dust being much longer
In 2001,first dust occurred on 1 Jan.
In 2002 The last occurred on 11 November                  1 year!
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Possible Causes

La La ninninaa YearYear
Strong wind occurred frequently
Weather condition:

—— A stable ridge in West Asia
——A stable and deep trough in East China sea

Climate analysis
Rainfall in In 2000 spring is 50-90% less than in 1999
Temperature is 1-2℃ higher (some place 3-4℃ )

Human activities and land useHuman activities and land use
Dust areas are increasingDust areas are increasing





8-stage-Cascade
(PIXE)



OPC



In spring 2000, 9 dust events attacked Beijing:

March 3        
March 17
March 22-23
March 27       
April 3
April 6 The severest!
April 9            
April 25 
April 29



325m Meteorological Tower
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April 7,2000,Beijing  by Prof.Qiu JH  
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Conclusion
1. Dust storm by surface wind can cause 

sever pollution(3900 µg/cm3)

2. Downward transportation of dust in 
upper level can cause sever pollution 
too(900 µg/cm3)
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