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Methane is an important radiative trace gas, accounting for
ca. 18% of anthropogenic greenhouse-gas (GHG) emis-

sions. Although its atmospheric concentration is small compared
to other major GHGs such as carbon dioxide (CO2), it is >70
times more potent as a GHG than CO2 over a 20-year period.
Freshwaters, including lakes, rivers, and reservoirs, are important
natural sources of CH4 emission. However, accurate estimation
of CH4 emission from global freshwaters is limited by the relative
paucity of field measurements. Recently, Bastviken et al.1 con-
structed a global freshwater CH4 emission estimate based on 425
waterbodies from 54 publications. They provided persuasive
evidence that CH4 emissions from global freshwaters represent
a significant contribution to the global GHG balance. The global
average CH4 diffusive emission from lakes between 24� and 54�
latitude is 225.7 ( 626.2 mmol m�2 yr�1 according to calcula-
tions using 53 lakes in Bastviken et al.1 Only four out of the 53
lakes used are not drawn from North and Southern American or
European lakes. No Chinese freshwaters were included implying
that CH4 emission from Chinese lakes was similar to the global
average. However, our field data2 and data from other ISI-listed
lakes studies3�5 indicate much higher diffusive emission fluxes
fromChinese lakes. Here we summarize CH4 emissions from the
main Chinese lake regions, we modify global estimates using the
available Chinese data, and explain some differences and poten-
tial future trends.

There are five lake regions in China: East Plain lakes zone
(EPLZ), Tibetan Plateau lakes zone (TPLZ), Inner Mongolia-Xin

Jiang lakes zone (IMXJLZ), Northeast China Plain and Moun-
tain lakes zone (NECPMLZ), and Yunan-Guizhou Plateau lakes
zone (YNGZPLZ) (Figure 1). EPLZ, TPLZ, and IMXJLZ are
threemain lake regions, contributing 94.3% to the whole Chinese
lake total area of ca. 90 000 km2. EPLZ lakes represent 23.3% of
the total Chinese lake area. Most lakes in this region are very
shallow and eutrophic or hypertrophic. Our in situmeasurements
at Donghu Lake, the largest Chinese urban lake, showed CH4

emission up to 531.5( 424.3 mmol m�2 yr�1.2 A study at Taihu
Lake, one of the five largest freshwater lakes in China, indicated that
the average CH4 flux was 2106.3 mmol m

�2 yr�1, with a range of
37.5�6500 mmol m�2 yr�1.3 The average CH4 emission in EPLZ
lakes is 1320mmolm�2 yr�1. TPLZ lakes account for approximately
50% of the Chinese lake area. The Tibetan Plateau is known as “the
roof of theworld” and “the third pole”, due to its high altitude and low
temperature. In this region, Huahu Lake, a typical alpine lake with an
altitude of 3430m and average annual temperature of 1.7 �C, showed
CH4 diffusion rates of 22.7 mmol m�2 d�1 (ranging from �18 to
16200 mmol m�2 d�1) in the peak growing season from June to
August.4 Even discounting emissions for the rest of the year, this
amounts to 2718 mmol m�2. IMXJLZ lakes represent 21.5% of the
Chinese lake area. Most lakes are in arid and semiarid regions and are
dominated bymacrophytes where eutrophication has caused changes
in aquatic macrophyte populations.5 Measurements at Wuliangsu
Lake indicate that CH4 emissions in aquatic macrophyte zones were
13.1(11.8mmolm�2 d�1 during the growing season (fromApril to
October). Considering only the peak growing season this indicates
annual emission of not less than 2809 mmol m�2.5

Because of limited field data and the great spatial variation in
CH4 flux, caution is needed in estimating CH4 emission from all
lakes. Nevertheless, the available data indicate much higher CH4

emissions from Chinese lakes than Bastviken et al.’s global
average. A preliminary estimate, based on the fieldmeasurements
presented above from the threemain lake regions inChina indicates
that Chinese lakes could contribute an extra ca. 3.0 Tg yr�1 to the
global CH4 budget.

CH4 emission fluxes in Chinese lakes are much higher than
those published for American and European lakes because of
their higher nutrient enrichment, higher organic matter input,
and shallow lakewater depth. According to theOECDclassification,
41 of the 53 lakes cited by Bastviken et al. aremeso- or oligotrophic,
seven are eutrophic or hypertrophic levels, and five are unclear.
This indicates that the global average calculated was biased
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toward lakes with relatively low productivity. In contrast,
Chinese lakes, especially most EPLZ lakes (e.g., Donghu Lake
and Taihu Lake) and many IMXJLZ lakes (e.g., Wuliangsu
Lake), are eutrophic or hypertrophic. A high photosynthetic rate
and higher organic productivity increase substrates for metha-
nogenesis. In addition, eutrophication in many IMXJLZ lakes, such
asWuliangsu Lake, and widespread lake-level lowering has caused
macrophyte beds to shift from submerged to emergent plants,
thereby accelerating CH4 transport to the atmosphere5 by
changing the gas conduit route. TPLZ lake catchments are
peatlands rich in organic carbon and these deliver water with
high dissolved organic carbon, providing a rich carbon source for
methanogenesis, probably one of the reasons for the very high
CH4 emission in TPLZ lakes.4 In addition, most lakes in the
EPLZ are very shallow (average water depth is ca. 2 m) and this
contrasts sharply with the average lake water depth of 14 m
calculated from the available data for 41 of the 53 lakes cited by
Bastviken et al. The shorter transport distance between the
sediment and lake water surface will reduce CH4 oxidation in
the water column.

Chinese lakes are already being affected by increasing water
temperature. The further increases in temperature predicted for
the next few decades will increase primary production and push
aquatic macrophyte populations away from submerged plants
toward emergent ones, potentially increasing CH4 release. How-
ever, quantifying the fluxes at the regional scale is not easy using
existing data sources. Due to the great spatial variation in CH4

fluxes and the complexmechanisms influencing CH4 production,
transport, and emission, wider spatial investigations and more
intensive year-round, longer termmonitoring are urgently needed
both to make more accurate estimates of current CH4 emissions
and also to facilitate the modeling of future emissions.
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Figure 1. CH4 diffusive emission (mmol m�2 yr�1) from three main Chinese lake regions.


