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In recent decades, there has been a tendency toward increased summer floods 
in south China, increased drought in north China, and moderate cooling in China 
and India while most of the world has been warming. We used a global climate 
model to investigate possible aerosol contributions to these trends. We found 
precipitation and temperature changes in the model that were comparable to 
those observed if the aerosols included a large proportion of absorbing black 
carbon ("soot"), similar to observed amounts. Absorbing aerosols heat the air, 
alter regional atmospheric stability and vertical motions, and affect the large- 
scale circulation and hydrologic cycle with significant regional climate effects. 

China has been experiencing an increased 
severity of dust storms, commonly attributed 
to overfarming, overgrazing, and destruction 
of forests (1). Plumes of dust from north 
China, with adhered toxic contaminants, are 
cause for public health concern in China, 
Japan, and Korea, and some of the aerosols 
even reach the United States (2). Recent dust 
events have prompted Chinese officials to 
consider spending several hundred billion 
yuan (-$12 billion) in the next decade to 
increase forests and green belts to combat the 
dust storms (3). Such measures may be ben- 
eficial in any case. However, we suggest that 
the observed trend toward increased summer 
floods in south China and drought in north 
China (4), thought to be the largest change in 
precipitation trends since 950 A.D. (4), may 
have an alternative explanation: human-made 
absorbing aerosols in remote populous indus- 
trial regions that alter the regional atmospher- 
ic circulation and contribute to regional cli- 
mate change. If our interpretation is correct, 
reducing the amount of anthropogenic black 
carbon aerosols, in addition to having human 
health benefits, may help diminish the inten- 
sity of floods in the south and droughts and 
dust storms in the north. Similar consider- 
ations may apply to India and neighboring 
regions such as Afghanistan, which have ex- 
perienced recent droughts. 

Atmospheric aerosols, which are fine par- 
ticles suspended in the air, comprise a mix- 
ture of mainly sulfates, nitrates, carbonaceous 
(organic and black carbon) particles, sea salt, 
and mineral dust. Black (elemental) carbon 
(BC) is of special interest because it absorbs 
sunlight, heats the air, and contributes to 
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global warming (5, 6), unlike most aerosols, 
which reflect sunlight to space and have a 
global cooling effect (7). BC emissions, a 
product of incomplete combustion from coal, 
diesel engines, biofuels, and outdoor biomass 
burning (8), are particularly large in China 
and India because of low-temperature house- 
hold burning of biofuels and coal (9). 

It is reasonable to anticipate that human- 
made aerosols may contribute to climate change 
in China and India, because both absorbing BC 
aerosols and reflective aerosols, such as sulfates, 
reduce the amount of sunlight reaching the 
ground and thus should tend to cause local 
cooling. Observed temperatures in China and 
India in recent decades, unlike most of the 
world, reveal little warming (10); and in some 
seasons there is cooling, especially in the sum- 
mer when aerosol effects should be largest. The 
climate effect of aerosols is complicated, be- 
cause aerosols have, in addition to their direct 
radiative effects, indirect effects on cloud prop- 
erties (7, 11). 

Here we report on climate model simula- 
tions of the direct radiative effect of aerosols 
in the region of China and India. We used the 
Goddard Institute for Space Studies (GISS) 
SI2000 12-layer climate model, which has 
been used to study the impact of several 
forcings on global mean temperature (12). 
Figure 1 shows the (seasonally independent) 
added aerosol optical depth ATaer (0.55 ,xm) 
used in our climate model experiments (13). 
Over China, we take ATaer (0.55 ,Im) to be 

equal to Taer (0.75 iLm) measured in the 1990s 
(14, 15). Over India and the Indian Ocean, 
ATaer in our experiments is taken from chem- 
ical transport model assimilations of satellite 
measurements (16). The resulting radiative 
forcings at the top of the atmosphere and 
surface (fig. Si) are -+6 W m-2 and-17 W 
m-2, respectively, over India and the Indian 
Ocean, which is comparable to values esti- 
mated by others (17). 

We performed two primary experiments. 
In experiment A, we added the aerosols of 

Fig. 1 with aerosol single-scatter albedo 
(SSA) = 0.85 (18), which is representative of 
measurements from the Indian Ocean Exper- 
iment (INDOEX) (17) and industrial regions 
in China. We obtained such relatively "dark" 
aerosols by including an appropriate amount 
of BC, with the remainder being sulfate. In 
experiment B, we removed BC so that SSA = 
1; i.e., the aerosols were "white." In both A 
and B, the sea surface temperature (SST), 
greenhouse gases, and other forcings were 
kept fixed at the same values as in the control 
run, so that the aerosols were the only forc- 
ing. Both experiments were run for 120 years. 

Figure 2A shows the simulated summer 
[June, July, and August (JJA)] surface air 
temperature (Ts) changes. The aerosols with 
SSA = 0.85 yield cooling in China by 0.5 to 
1 K (a consequence of the reduced solar 
radiation reaching the surface) but warming 
in most of the world [due to BC heating of the 
troposphere (19)]. Because of the long model 
run, the cooling in China and even the warm- 
ing in many distant locations are highly sig- 
nificant (>99%), based on Student's t test 
(fig. S2). The simulated cooling in China is 
larger than the observed cooling there during 
the past 50 years (Fig. 2B), when most of the 
increase in aerosol amount probably oc- 
curred. This is as expected, because the sim- 
ulations exclude the effect of increasing 
greenhouse gases (20). 

The BC absorption in China and India caus- 
es a significant warming (>0.5 K) in the Sahara 
Desert region and in west and central Canada, 
despite the fixed SST. Because aerosols were 
unchanged outside the China/India region, this 
warming at a distance seems to be due to heat- 
ing of tropospheric air over China and India, 
with dynamical export to the rest of the world, 
where the warmer troposphere can reduce con- 
vective and radiative cooling of the surface. 
Consistent with observations (10, 21), this 
warming does not occur over the south central 
United States, where the observed cooling trend 
is thought to be driven by warming in the 
tropical Pacific Ocean (21, 22). 
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Fig. 1. Incremental aerosol optical depth ATaer 
(0.55 pm), which is used to drive the climate 
change simulations. Latitude and longitude are 
denoted. 
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Experiment B, with pure sulfate aerosols, 
yields global cooling (Fig. 2A) as expected, 
but the cooling in China is small compared 
with that in experiment A. The difference is 
that BC heats the air, thus increasing local 
convection, precipitation, and surface cool- 
ing, as we illustrate below. The sulfate aero- 
sols are ineffective at causing global cooling 
(ATs = -0.03K) when SSTs are fixed. Re- 
flective aerosols become an efficacious forc- 
ing when feedback effects such as sea ice 
cover are allowed to operate (19). 

Figure 3 shows simulated summer (JJA) 
precipitation changes. The aerosols with SSA = 
0.85 yield increased precipitation in southern 
China and over India and Myanmar where ATaer 

was largest. There is a broad band of decreased 
precipitation to the south of the region with 

Fig. 2. (A) Simulated JJA A 
surface air temperature 
change (ATs) for experi- AT(K) 
ments A and B. The signif- 
icance of these changes is 
shown in fig. S2. (B) Ob- 
served JJA ATs between 
1951 and 2000, based on \ 
the linear trend. Global 
mean changes are in the 
upper right corner. 

-4 -1 -.5 -4 -1 -.5 

increased precipitation, with a lesser decrease to 
the north. The magnitude of the precipitation 
changes, -0.5 mm/day or 5 cm for the season, 
is comparable to changes based on observed 
trends over several decades (4). In comparison, 
precipitation changes are small in experiment B 
and, contrary to observations, no increase is 
found over south China. Further, simulation of 
greenhouse gas effects with the same climate 
model (12), but without the strong BC aerosol 
absorption, yields warming throughout China, 
with increased rainfall in the north and de- 
creased rainfall in the southeast, all contrary to 
observations. 

Climate change simulations are most 
meaningful if the model's climatology repro- 
duces observed regional climate patterns. The 
GISS model reproduces features of the large- 
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scale circulation associated with the Asian 
summer monsoon, such as southwesterly 
winds bringing moisture to eastern China 
from the Indian Ocean and South China Sea, 
upper-level westerlies and an anticyclone 
centered over the Tibetan Plateau, and strong 
upper-level easterlies south of the plateau; 
but, in common with other models, it does not 
reproduce the strength of northwesterly sur- 
face winds in the western Pacific (23). Also 
in common with most models, it does not 
accurately reproduce regional precipitation 
patterns and their seasonal shifts (24), but 
this should not prevent the model from pro- 
ducing meaningful large-scale changes over 
polluted industrial China (the southern half of 
China) relative to regions to the north and 
south and to distant global regions. 

The circulation changes in experiments A 
and B are dramatically different. Experiment 
A yields stronger upper-level westerlies to 
the north and easterlies to the south of the 
Tibetan Plateau, whereas in B the anticyclone 
is weakened and westerlies are present south 
of the plateau. We do not have real-world 
data on long-term trends that allow us to 
discriminate between absorbing aerosols (A) 
and white aerosols (B). 

The reason why a relatively small proportion 
of BC aerosols can play such a dominant role in 
the aerosol climate effect derives not only from 
the reduction in surface solar radiation but also 
from the heating of the air and the effects of 
these on the vertical temperature profile, evap- 
oration, latent heat fluxes, atmospheric stability, 
and the strength of convection. Changes in con- 
vection, in turn, can modify the large-scale cir- 
culation (25). This is illustrated in the change of 
vertical velocity averaged over 90? to 130?E (an 
area with large ATaer) (Fig. 4). There are in- 
creased rising motions over the area of added 
aerosols, with comparable increased subsidence 
to the south and weaker subsidence to the north. 

As a check on our interpretation of these 
experiments, we carried out additional related 
experiments. In experiment C, we included 
only the increase of BC aerosols; that is, the 
sulfates and other aerosols were identical to 
those in the control run. Experiment C yield- 
ed results similar to A, even though the larger 
part of Alaer of A was excluded, confirming 
that BC aerosols are the driver for the results. 
Results for Ts and precipitation changes from 
experiment C are in fig. S4. 

Another experiment (D) was performed to 
check whether observed changes in Ts and 
precipitation in China might be associated 
more with changes in ocean temperatures 
around China than with aerosols. In experi- 
ment D, SST (and sea ice) anomalies were 
added to the control run corresponding to the 
observed changes that occurred over the past 
50 years. The resulting climate changes over 
China were small in comparison to those in 
experiment A, and the precipitation changes 
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Fig. 3. Same as Fig. 2A, 
but for precipitation. The 
significance of these 
changes is shown in fig. 
S3. 
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(a small decrease in south China) and tem- 
perature changes (summer warming in China) 
(fig. S5) were contrary to observations. 

One climate impact of the aerosols in our 
experiments that disagrees with observations is 
the simulated cloud cover change (fig. S6) for 
experiment A. The modeled cloud cover in- 
creases in the region with added aerosols by as 
much as several percent. Globally there is a 
decrease in cloud cover, especially in the re- 
gions with surface air warming, which is con- 
sistent with the expected "semi-direct" effect of 
absorbing aerosols on global cloud cover (19). 
We cannot verify the global effect because of 
the many forcings in other parts of the world 
and the limited accuracy of information on 
global cloud cover. However, we can compare 
the large simulated changes in China and the 
Indian Ocean with observations. 

The simulated increase of cloud cover 
over China in experiment A is contrary to 
observations from 1951-1994 (26) that show 
a decrease of -1 to 3% in the north and 

insignificant changes in the south. Observa- 
tions of long-term cloud cover change are 
difficult, and the decreasing amplitude of the 
diurnal cycle of Ts, arguably a proxy measure 
of cloud cover change, suggests a cloud cover 
increase over China (27). Nevertheless, it 
seems clear that a cloud cover increase as 
large as that simulated in experiment A has 
not occurred in recent decades (28). 

Over the Indian Ocean, our simulated low 
cloud cover increase is consistent with the 
low cloud cover trend observed between 
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aerosols in India (8) could contribute to a ten- 
- - dency toward increased droughts in northern 

areas, such as Afghanistan, as well as to climate 
^ changes in India. The coarse resolution of our 

model (4? X 5?) and the absence of an Indian 

.2i .5 l 4 network of aerosol measurements comparable 
to that in China (14) make it difficult to defme 
a realistic aerosol change in India (32). 

(29). This is contrary to the The regional climate effects of black car- 
ide cumulus clouds over the bon aerosols, if confirmed by further studies, 
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increase in clouds over the 6), and it has been suggested that soot aero- 
lay be related to an increase of sols, which include both black and organic 
lses increased evaporation and carbon, are carcinogenic and are a major 
might minimize the drying cause of deaths associated with particulate air 
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A Single P450 Allele Associated 

with Insecticide Resistance in 

Drosophila 
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Insecticide resistance is one of the most widespread genetic changes caused by 
human activity, but we still understand little about the origins and spread of 
resistant alleles in global populations of insects. Here, via microarray analysis 
of all P450s in Drosophila melanogaster, we show that DDT-R, a gene conferring 
resistance to DDT, is associated with overtranscription of a single cytochrome 
P450 gene, Cyp6g1. Transgenic analysis of Cyp6g shows that overtranscription 
of this gene alone is both necessary and sufficient for resistance. Resistance and 
up-regulation in Drosophila populations are associated with a single Cyp6g1 
allele that has spread globally. This allele is characterized by the insertion of 
an Accord transposable element into the 5' end of the Cyp6g1 gene. 
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Insecticide resistance represents an impor- 
tant example of natural selection. Resis- 
tance can be mediated either by changes in 
the sensitivity of insecticide targets in the 
nervous system or by metabolism of insec- 
ticides before they reach these targets (1). 
Insecticide resistance associated with target 
site insensitivity is well documented within 
the para-encoded voltage-gated sodium 
channel, the Rdl-encoded ligand-gated 
chloride channel, and the Ace-encoded ace- 
tylcholinesterase (1). However, the up-reg- 
ulation of metabolic enzymes associated 
with resistance, such as the cytochrome 
P450s and glutathione S-transferases, re- 
mains less well understood (2-7). We are 
using Drosophila melanogaster as a model 
insect in which to dissect the genetic basis 
of metabolic insecticide resistance (8, 9), 
particularly at the DDT-R locus. This locus 
not only represents insect resistance to 
DDT (10), a compound largely withdrawn 
but still used in the control of disease vec- 
tors (11), but also confers cross-resistance 
to a wide range of other existing and novel 
insecticides (12-15). DDT-R is a dominant 
gene that maps to the right arm of chromo- 
some II at 64.5 cM (16, 17). Recently, we 
have shown that DDT-R is associated with 
overtranscription of the P450 gene Cyp6gl 
in three D. melanogaster strains (18). In 
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this study, we were interested in answering 
three questions. First, is Cyp6gl overtran- 
scribed in all P450-mediated DDT-resistant 
D. melanogaster strains? Second, if so, is 
resistance globally associated with a single 
resistance allele? Third, is overtranscrip- 
tion of Cyp6gl alone both necessary and 
sufficient for resistance? 

The genes for the cytochrome P450s are 
a large family involved in a wide variety of 
metabolic functions. In insects, these en- 
zymes play roles in key processes ranging 
from host plant utilization to xenobiotic 
resistance (3). Within the complete genome 
sequence of D. melanogaster, some 90 in- 
dividual P450 genes have been identified 
(19). To determine the breadth of the cor- 
relation between Cyp6gl overtranscription 
and DDT resistance in D. melanogaster, we 
challenged a microarray carrying polymer- 
ase chain reaction (PCR) products from all 
identified P450 open reading frames in the 
genome. Array analysis of Hikone-R (20), a 
resistant strain established from field col- 
lections in the early 1960s (16, 21), shows 
that only Cyp6gl is overtranscribed relative 
to Canton-S, a susceptible reference strain 
(Fig. 1A). Similar array analysis of a sec- 
ond DDT-resistant strain, WC2, which was 
recently collected in the field (U.S.A.), re- 
vealed the same result, with only Cyp6gl 
being overtranscribed relative to P450 gene 
expression in the susceptible standard (Fig. 
1B). To measure the level of overtranscrip- 
tion associated with resistance, we per- 
formed quantitative reverse transcriptase 
(RT)-PCR on mRNA from a range of re- 
sistant and susceptible strains (22), relative 
to the standard RP49 (23). This analysis 
confirms the relative overtranscription of 
Cyp6gl in a range of strains and shows 10 
to 100 times as much mRNA in resistant 
strains as in a range of susceptible strains 
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