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The strong radiative effects of fire aerosols have been well accepted in the climate
community. However, there have been few studies on the aerosol effects at a monthly
to subseasonal range. We used the National Centers for Environmental Prediction (NCEP)
reanalysis datasets and Community Atmosphere Model Version 5 (CAM5) to explore the
impacts of Amazon fire aerosols on the subseasonal climate. With the reanalysis datasets,
we found that most of the abnormal high emissions tended to happen more frequently/
intensely under a dry and warm condition during the La Niña years. And the composite
analysis of the abnormal high emissions showed that there is a La Niña-like pattern of sea
surface temperature anomalies (SSTA), precipitation, and circulation anomalies. To isolate
the aerosol impacts from the SSTA, we removed the linear regressions of the Nino3.4 SST
index, and found that significant anomalies in the pressure field still persisted in the
midlatitude. Five wavetrains can be found in the mid-high latitudes of both hemispheres
induced by Amazon fire aerosols. Through prescribing climatological mean SST and La
Niña-like SSTA in CAM5 simulations respectively, we found that only the latter could
reproduce the aerosol impact on circulation in the mid-high latitudes, i.e., five-wave
anomalies, although with biased locations. This indicates that the Amazon wildfire
aerosol impacts are highly coupled with the La Niña-like SSTA. This study emphasizes
that Amazon fire aerosols indeed result in significant circulation anomalies in the mid-high
latitudes and including fire aerosols may improve model forecasting skills at the monthly to
subseasonal timescale.
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INTRODUCTION

The Amazon rainforest is located in the tropics, accounting for 40% of the global tropical forest
area (Laurance et al., 2001; Aragão et al., 2014). Because it is the largest and most diverse
tropical rainforest in the world, it is often called the “lung” of the Earth. The Amazon rainforest
plays a major role in regulating the Earth’s climate via the exchange of water, momentum, and
carbon between the biosphere and atmosphere (Chambers et al., 2001; Werth and Avissar,
2002). However, through global warming and an increase in the frequency and intensity of
droughts, the world’s tropical forest may be turned into a more fire-prone ecosystem (Malhi
et al., 2008). Recently, more fire events and more intense fires have occurred in the Amazon
region (INPE 2020), which has attracted attention from society and scientific communities.
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Thus, the impacts of amazon fire on the climate system merits
further understanding and investigation.

What is remarkable is that fires are also responsible for the
emissions of large amounts of aerosol constituents. van der Werf
et al. (2010) estimated for the period between 1997 and 2009 that,
globally, the annual average carbon emissions caused by fire is
2.0 Pg·C·year−1, with South America contributing 15%. Of this,
about 8% appears to have been associated with forest fires, based
on estimates from the Global Fire Emission Dataset (GFED3)
product for South America. Despite the short lifetime of aerosols
in the atmosphere, biomass-burning aerosols can have significant
impacts on global and regional precipitation and atmospheric
circulation (Ackerman et al., 2000; Tosca et al., 2013; Tosca et al.,
2014). Aerosols affect the climate system in several ways,
including the scattering and absorbing of solar radiation
(direct effects) (Haywood and Boucher, 2000), as well as
serving as cloud condensation nuclei and modifying cloud
properties such as the cloud life cycle, their optical properties,
and the precipitation activity of clouds (indirect effects)
(Rosenfeld et al., 2014). In terms of direct effects, absorbing
aerosols, which directly heats the atmosphere, may be particularly
efficient at perturbing atmospheric circulation and precipitation
due to its ability to increase tropospheric stability and perturb
meridional temperature gradients (Shen and Ming, 2018).

Previous studies have shown that aerosols are linked to
several circulation responses, including the southward shifts
of the tropical rain belt (Allen, 2015), exciting robust drying in
the northern edge of the Atlantic Inter-Tropical Convergence
Zone (ITCZ) and in the Sahel (Rotstayn and Lohmann, 2002),
weakening the South Asian Summer Monsoon season
(Bollasina et al., 2011) and the Hadley circulation (Tosca
et al., 2013). In addition, some studies suggest that aerosols
can perturb the dominant modes of climate variability. For
instance, Allen et al. (2014), found that anthropogenic
aerosols can modify the Pacific Decadal Oscillation (PDO)
and alter the width of the tropical belt. Similarly, Takahashi
and Watanabe (2016) found that approximately one-third of
the trade-wind intensification for 1991–2010 can be attributed
to changes in sulfate aerosols. Booth et al. (2012) found that
decadal-scale model predictions of the regional Atlantic
climate would probably be improved by incorporating
aerosol–cloud microphysical interactions and estimates of
future concentrations of aerosols. Lou et al. (2019) found
that increases in Black Carbon (BC) emissions from both the
midlatitudes and Arctic weaken meridional temperature
gradients and northward heat transport, and increase the
frequency of extreme El Niño Southern Oscillation (ENSO)
events. Meanwhile, the impact of aerosol particles may also be
an important factor on accurate climate simulations. Fan et al.
(2018) found that anthropogenic fine aerosols could be
activated to form additional cloud droplets and latent
heating in deep convective clouds and intensify deep
convection.

Considering the short lifetime of aerosols in the atmosphere and
the several month duration of amazon fire events, the significant of
impacts of fire aerosols on the climate may range from seasonal to
subseasonal scales. Benedetti and Vitart (2018) suggested that

interactive aerosols have the capability of improving subseasonal
predictions at amonthly scale in the season of spring/summer. This
study focuses on the impacts of amazon fire aerosols on large-scale
circulation at the subseasonal scale. This paper is organized as
follows: the data, model, and numerical experiment are described
in Methodology section. The analysis with the reanalysis datasets
and CAM5 simulations are presented in Results section.Discussion
and Conclusion section summarizes the main conclusions and
discussion.

METHODOLOGY

Data
The Amazon region between −20°S and 10°N and 80°W to 35°W
was selected. Monthly biomass burning emissions from the
Global Fire Emissions database version 4 (GFED v4, available
at https://www.globalfiredata.org/) (van der Werf et al., 2017)
with a horizontal resolution of 0.25° × 0.25° from 1997 to 2016
were used. Geopotential height, wind field, and surface
temperature data from NCEP/NCAR reanalysis data,
precipitation data from the Global Precipitation Climatology
Project (GPCP) (Adler et al., 2003), and Hadley Centre Sea Ice
and Sea Surface Temperature dataset (HADISST) were employed.
The Niño3.4 SST index (Kaplan et al., 1998) as an index of ENSO
was also employed.

The statistical significance of the differences were calculated by
Student’s t-test in this study.

Model Overview And Experiment Design
In this study, we used the National Center for Atmospheric
Research (NCAR) Community Earth System Model (CESM)
version 1.2.1, with the Community Atmosphere Model version 5
(CAM5). The main physical parameterizations used were the
Zhang-McFarlane deep convection scheme (Zhang and
McFarlane, 1995), a mass flux scheme with convective inhibition
closure for shallow convection (Park and Bretherton, 2009), a two-
moment stratiform cloud microphysics scheme (Morrison and
Gettelman, 2008) with ice supersaturation (Gettelman et al.,
2010), and a diagnostic cloud fraction scheme for cloud
microphysics and macrophysics. Aerosols were represented by
the 3-mode (Aitken, accumulation and coarse mode) Modal
Aerosol Module (MAM3, Liu et al. 2012) scheme.

Two groups of experiments were performed to evaluate the
amazon fire aerosol effects. One utilized the default
Intergovernmental Panel on Climate Change (IPCC) AR5
dataset emission data (Lamarque et al., 2010) (AR5 experiment),
and the other was performed using additional wildfire aerosol
emissions (only black carbon, organic carbon, and sulfur dioxide
are considered) from the GFED v4 monthly dataset over the
Amazon region (FIRE experiment). GFED v4 monthly emissions
from 2005 to 2015 were prescribed, and the vertical distribution of
fire emissions was consistent with the IPCC AR5 emission dataset.
Other forces (e.g., SST, anthropogenic aerosol emissions) and
physical parameterization of all these experiments were kept the
same. All simulations were performed at a resolution of 0.9° × 1.25°

with 30 vertical levels. The differences between the FIRE and AR5
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experiments can be taken as the impact of Amazonian biomass
aerosols.

Since the Amazon fire activities are highly related to the La
Niña-like pattern SSTAs (see Analysis With Observation section),
we performed another couple of experiments (La Niña-AR5 and
La Niña-FIRE) with anomalous La Niña-like SST being
prescribed over the Pacific Ocean. The anomalous (La Niña-
like pattern) SST were derived from years with strong Amazon
fire activities. The simulations were conducted from 2005 to 2015
(i.e., for 11 years) with prescribed SST and sea ice. The last
10 years 2006–2015 were then analyzed.

To evaluate the simulation of the circulation field in the fire
anomaly years, a 10 years AMIP simulation was conducted with

the default IPCC AR5 emission data and yearly updated SST data.
And the years of the simulated circulation anomalies of La Niña
were compared with the corresponding period of NCEP data to
evaluate the model performance.

RESULTS

Analysis With Observations
With the GFED data, we analyzed the annual and interannual
variability of the biomass-burning carbon emissions over the
Amazon region from 1997 to 2016. Figure 1A shows the annual
cycle of total precipitation, temperature, and biomass-burning

FIGURE 1 | (A) the annual cycle of biomass burning emission (green, g C/m2), total precipitation (blue, mm/day), and temperature (red, C) over Amazon during
1997–2016. (B) the time series of the Amazon carbon emissions (green soild line, g C/m2 ) and Nino3.4 index (dash line, K) of the Amazon fire season (August and
September) from 1997 to 2016. Red horizontal line: the mean value of the time series. Blue line: one standard deviation above and below the mean value.

FIGURE 2 | (A)Composited surface air temperature anomalies of fire season (August and September) in high emission years against the average over 1997–2016; (B) same
as (A) but excluding the impacts of SeaSurface Temperature anomalies (SSTA) by removing the linear regressions of Nino3.4 index; (C) and (D) are same as (A) and (B) respectively,
but for precipitation. Cross symbols denote significance at 90% confidence level, based on Student t-test. Units are °C, mm day-1 for temperature and precipitation, respectively.
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carbon emissions over the Amazon. There was a significant
seasonal cycle in the fire emissions. It tended to intensify from
July, and peak in August and September. At the same time, these
months also corresponded to the minimum in precipitation and a
significant increase in temperature, which favored the occurrence
of fire events. As August and September are the major fire
emission months over the Amazon, in the following we took
these 2 months as the fire season and focused on the analysis in
this fire season.

Figure 1B shows the time series of the Amazon carbon
emissions and the Nino3.4 index of the Amazon fire season
(August and September). Significant interannual variability in the
fire emissions can be found. The mean of fire emissions over
1997–2016 was 11.11 g·C/m2 and the standard deviation was
6.60 g·C/m2. Thus, the abnormally high emission years (greater
than 1 std) were 1998, 2005, 2007, and 2010. It is notable that
moderate to strong La Niña events also occurred in these years
except 2005. Comparing Amazon fire emissions with the Nino3.4
index, these abnormally high emissions concurred with the
negative Nino3.4 index except in the year of 2005, and the
correction coefficient of −0.39 was significant at a 0.1
statistical level. The negative Nino3.4 index (La Niña-like
SSTA) accompanied with dry and warm air in the East Pacific
would enhance the strength of the fire event and increase the fire
emission, and that explains why the abnormally high fire
emission concurred with the low value of the Nino3.4 index.
However, the low value of Nino3.4 does not always responding to
a high emission (for example, 2011). This is probably because
wildfire events are not only affected by meteorological conditions,
but are also highly related to human activities, such as the burning
of forests to clear land for agriculture and grazing (van der Werf
et al., 2017).

The years with high Amazon fire emissions were selected and
composited to analyze the abnormal climate characteristics
(Figure 2). In the Tropical Pacific, the temperature
(Figure 2A) and precipitation (Figure 2C) anomalies had a La
Niña-like pattern of characteristics: there was a cold tongue in the
equatorial central and eastern Pacific, and the temperature in the
Amazon and Africa was relatively high. There were significantly
negative anomalies of precipitation along the coast of Peru and
the equatorial Pacific, whereas positive anomalies of precipitation
were found in Indonesia. In the mid-high latitudes, negative
anomalies in precipitation can be seen in the southeastern part of
East Asia and the central part of the South Pacific, and no
significant anomalies were seen in other regions. But the
anomalies of temperature were quite obvious. In particular,
there was significant anomalous warming of ∼1.5°C in
southern North America, central Europe, and southern Africa.
There were positive anomaly centers in northern South America
and southern North America.

Considering that the strong fire years mostly corresponded to
La Niña incident occurring years, the anomaly in precipitation
and circulations may include the influence of tropical Pacific Sea
Surface Temperature anomalies (SSTA), which are usually
thought to have impacts at long time scales. To isolate the
impacts of fire aerosols from the SSTA, we excluded the
impacts of SSTA by removing the linear regressions of the

Nino3.4 index from the composited anomalies (see Figures
2B, D). Clearly, the characteristics of the Pacific Ocean
changed significantly. In the tropics, the dry and cold anomaly
almost disappeared when the Nino3.4 contribution was removed,
but the positive anomaly in surface air temperature in the
Amazon and Southern Africa persisted. And in the mid-high
latitudes, the previous features were retained with slightly
reduced magnitudes.

From the circulation anomaly of abnormal emission years
in the Amazon fire season (Figures 3A,C,E), we found that the
most significant feature in the low and middle troposphere
(Figures 3C,E) was the dipole pattern over the South Pacific
and Southern Ocean with a positive anomaly in the north and
a negative anomaly in the south. This dipole pattern can be
also found at 200 hPa, but the magnitude compared to other
anomalies at the same level was comparable, indicating that
the energy was dispersed at the upper level. A dipole pattern
also existed in the North Pacific but with a small wave length.
Globally speaking, the dipole anomalies in the North Pacific
and South Pacific were quasi-symmetric. The negative
(although not significant) height centers at the subtropical
Pacific (Figure 3A) combined with the dipoles were a Gill-
type response (Gill, 1980) to the cold tongue over the central
and eastern Pacific.

Besides the most significant dipole anomalies, in the mid-high
latitudes, there were wave train patterns of anomalies at 200 hPa
(Figure 3A), with five waves in the Northern Hemisphere and
three waves in the Southern Hemisphere. In the Northern
Hemisphere, the five positive anomaly centers were located at
Central Europe, Central East Asia, the Aleutian Islands, southern
North America, and the Azores. Similar anomalies have been
found in previous studies (Shaman and Tziperman, 2005, Zhang
et al., 2015a, Zhang et al., 2015b), in which such anomalies were
induced by the SSTA in the Pacific instead of aerosols. In the
Southern Hemisphere, the three positive anomaly centers were
located in southern Africa, the Central South Pacific, and
Southwest Atlantic, respectively. All the positive abnormal
centers passed the significance test.

When the linearized SSTA impacts were removed, the dipole
anomalies over the South Pacific were significantly weakened,
indicating that the SSTA over the central Pacific did indeed have
an impact on the composted circulations. But the anomalies over
the east of South America and over the North Pacific persisted in
the entire troposphere (Figures 3B,D,F). And in the upper
troposphere, the wave trains in the North Hemisphere were
still clear. And, the pattern over the mid-high latitude of the
Southern Hemisphere changed. There were five positive centers
in the mid-high latitude of the Southern Hemisphere (Figure 3B)
when the linearized SSTA impacts were removed. It means that
the Amazon fire aerosols did indeed have a significant impact and
induced five-wave anomalies in the mid-high latitudes. Further,
some of the impacts of amazon fire aerosols (i.e., the 5-wavetrain
anomalies in the Southern Hemisphere) may be overwhelmed by
the SSTA impacts. This is somewhat different from previous
studies that found that the anomalies in the Northern mid-high
latitudes were thought to be induced by the SSTA in the Pacific
though a Rossby wave (Shaman and Tziperman, 2005, Zhang
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FIGURE 3 | Same as Figure 1 but for the circulation anomaly (color shading shows geopotential height, units: gpm; vector is wind, units: m/s). From top to bottom
are 200, 500, and 850 hPa, respectively. Cross symbols in (A–D) denote significance at a 90% confidence level. In (E,F) the height field that passed the t-test is
represented by a contour map, and only the wind field that passed the t-test is drawn.

FIGURE 4 | Composited circulation anomaly of high emission years in the fire season with (A) NCEP data and (B) AMIP experiments at 200 hPa (color shading
shows geopotential height, units: gpm). Note: since only 1998 and 2005 are included in the AMIP 10 years run, in the observations here these 2 years are taken as the
Amazon high emission years.
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et al., 2015a, Zhang et al., 2015b). It means that the impacts of
aerosols may resemble the SSTA and provide some predictability
for the monthly-to-seasonal climate prediction.

Analysis With CAM5 Simulation
Model Evaluation
A synthetic analysis on the circulation field over the abnormally
high emission years was carried out to compare them with the
AMIP simulation and evaluate the model performance
(Figure 4). Generally speaking, the CAM5 could represent the
circulation anomaly induced by La Niña-like SSTA. The dipole
pattern over the South Pacific and anomalies on both sides of the
subtropical Pacific were well simulated. But the dipole position
was slightly biased. Note here, there was a distinct difference in
the mid-high latitudes, especially in the Arctic and Antarctic. In
the Arctic, the simulated anomaly center was located at the
Barents Sea and Kara Sea while in the observation it was
centered at the Northwestern Passages and Baffin Bay. And
the observed positive-bridge pattern anomaly from 90°E
Antarctic to New Zealand was not represented in the
simulations, and over the whole South Ocean all of the
anomalies were negative. These discrepancies are possibly
caused by the bias in the basic flow, i.e., the westerly jet (too
strong, figure not shown), as the anomalies are highly dependent
on the location of the westerly jet (Shaman and Tziperman, 2005,
Zhang et al., 2015a, Zhang et al., 2015b). These difference between
the reanalysis and model results indicate that there are still large
deficiencies in the CAM5 model in simulating the polar region

and South Ocean. We know this may affect the simulated aerosol
impacts in the mid-high latitudes, but fortunately our
experiments successfully reproduced some significant features
that were observed in the reanalysis data (i.e., the five wave trains
in the mid-high latitude in the Southern Hemisphere, seeAnalysis
on the Model Simulated Aerosol Impacts on Circulations section).

Analysis on the Model Simulated Aerosol Impacts on
Circulations
As we mentioned in Methodology, we conducted two groups of
experiments, one with prescribed climatology SST (FC5
experiments), and the other with an La Niña-like pattern
SSTA (La Niña experiments), and both of them had two 10-
years simulations with/without Amazon fire aerosols. The
circulation anomalies induced by Amazon fire aerosols over
the fire season (August and September) were analyzed
(Figure 5). It can be seen that there were significant anomalies
in the mid-high latitudes in both experiments. In the mid-high
latitudes of the Northern Hemisphere, there were five waves in
both experiments, but the locations of the anomalous centers
shifted when compared with the observations.

Clearly, the impacts of Amazon fire aerosols on circulation in
these two groups of experiments show large discrepancies in the
mid-high latitudes in the Southern Hemisphere. For example, the
anomaly centered at the southeast of South America, was negative
in the FC5 experiments (Figure 5A) meanwhile it was positive
when a LaNiña-like pattern of SSTAwas applied (Figure 5B). And
there were fivewaves in the SouthOcean in the LaNiña experiment

FIGURE 5 | Circulation anomaly at 200hPa of (A) Climatology SST Simulation and (B) La Niña SST (over Pacific Ocean) simulation in fire season. (C) and (D) are
same as (A) and (B) respectively, but for 850 hPa. Color shading is geopotential height, units: gpm; vector is wind, units: m/s. Cross symbols denote significance at 90%
confidence level, based on Student t-test.
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while there were only three waves in the FC5 experiment at
200 hPa. Further, the anomalies in the Antarctic in the La Niña
experiment were significantly negative while in the FC5 experiment
they were slightly positive. Compared with the observations shown
in Figure 3B, the La Niña experiments reproduced the 5-wavetrain
circulation anomalies induced by Amazon fire aerosols with biased
locations of some anomalous centers.

The large discrepancies between the FC5 and La Niña
experiments may be due to the difference of the mean state of
the experiments, i.e., the forcing of La Niña-like SSTA. The La
Niña-like SSTA would concurrent with enhanced Walker
Circulation, enhancing downwelling and reducing precipitation
in the East Pacific. These characteristics would enlarge the spread
of fire aerosols (which can be seen from the changes in AOD,
figure not shown here) because of the strong easterly wind in the
low troposphere, and downwelling transport of the heated air
induced by absorbing aerosols downward over the East Pacific.
This deduction can be seen from the slightly negative anomalies
in FC5, and the weak positives in La Niña over the East Pacific at
the low troposphere (Figures 5C,D). Another interesting thing
was that at 200 hPa there were easterly winds and positive height
anomalies in both experiments. Such easterly wind anomalies
may weaken La Niña and result in a positive feedback on ENSO
events, which may need further investigation. In summary, the
contrast difference between FC5 and La Niña experiments
indicate that the Amazon aerosol effects were strongly
dependent on the mean climate state.

We further analyzed the changes of the solar radiative heating
rate induced by Amazon fire aerosols (Figure 6B). It can be found

that between 120 and 60°W, there were significant solar radiative
heating with a maximum of greater than 0.1 K/day at the low
troposphere. Such strong radiative heating is caused by the
combined effects of the reflection of low-level stratocumulus
clouds and the absorbing aerosols (Lu et al., 2018) emitted by
Amazon fires. Above the significant warming, a weak cooling
above the west of 60°W, and a slight warming of the tropopause
east of 60°W also occurred. This heating profile was responsible
for the anticyclone over the east Amazon (Figure 6A), which
emanated Rossby waves that propagated southeastward
(Figure 6C), one branch turning back to the equator, and the
other going southeastward to the South Ocean (the strong
positive height anomaly at the southeast of South America in
Figure 5D), and then propagating eastward along the South
Ocean. Interestingly, during the propagation of the Rossby wave
over the South Ocean, the wave energy was transported in both
meridional directions, the northward wave energy joined into the
westerly jet (Figure 6D), and formed the short-wave centers at
30°S (Figure 6D), and the southward energy was refracted back
by Antarctica, forming the winding wave trains in the mid-high
latitudes. For those wave trains in the Northern Hemisphere,
since most anomalies were not statistically significant, we will not
discuss them further.

DISCUSSION AND CONCLUSION

In this study, we use GFED data to analyze the fire emissions over
the Amazon, and found significant annual and interannual cycles.

FIGURE 6 | (A) Stream function anomaly (color shading, units: 106 m2/s) and winds fields (vectors, units: m/s) at 200 hPa of the La Niña experiment. (B) Pressure-
longitude cross-section of the solar heating rate anomaly (color shading, units: K/s) over 10°S—0. (C) Wave activity flux (green vectors, units: m2/s2) and geopotential
height anomaly (contours, units: gpm) of the La Niña experiment. (D) Zonal winds (color shading, units: m/s) at 300 hPa of the La Niña experiment without additional
aerosols. Cross symbols in (A,B) denote significance at a 90% confidence level.
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Amazon fire emissions always peak at August and September,
i.e., the dry season. And most of the abnormally high emission
years were accompanied with moderate to strong La Niña events.
Thus, the characteristics of the abnormally high emission years
show significant La Niña-like patterns in SSTA, precipitation, and
circulations. After removing the influence of SSTA through linear
regression, significant anomalies in circulation in the mid-high
latitudes persisted. And five waves could be found in the mid-high
latitudes of both hemispheres.

By comparing the two groups of with/without Amazon fire
aerosol emissions coupled with prescribed climatology SST and
prescribed a La Niña-like pattern of SSTA, we found that only the
latter could reproduce the 5-wavetrain circulation anomalies like
the reanalysis data with biased locations. The difference in these
two experiments suggest that the impacts of aerosols are highly
coupled with the mean state of the climate. With the La Niña-like
SSTA, the significant warming caused by the Amazon fire
aerosols at the low troposphere induced Rossby waves, which
propagated southeastward and formed 5-wavetrain significant
circulation anomalies over the South Ocean.

When comparing the model-simulated aerosol effects with the
reanalysis data, there were some large discrepancies, which may be
due to several reasons. First, the performance of the CAM5 model
over the South Ocean and polar regions was poor, which would
greatly limit the capability of the model to reproduce the aerosol
effects. Further, the locations of the anomaly centers highly
depended on the basic flow (Hoskins and Ambrizzi, 1993), and
the too cold Antarctic and the overestimated westerly jet stream
may be responsible for the shifted anomaly centers. Second, here
we only applied the SSTA in the tropical Pacific, the anomalous
circulation in other regions and other signals such as sea ice, may
also have great impacts on regulating the circulation. Third, during
the analysis of observations, we only removed the linear regression
impacts of Nino3.4 SST, there may be some nonlinear impacts of
SSTA on the mid-high latitudes, which would contribute to the
difference between model simulations and reanalysis.

Here in this study, we would like to emphasize that aerosols
may have significant impacts on the climate of the mid-high
latitudes. The five-wave anomalies pattern in observation and in
simulations in the mid-high latitudes confirmed it. As the relative
short lifetime of aerosols and the 2-month long fire season, these
affects are at the range of monthly to subseasonal scales. The
inclusion of fire aerosols impacts may be helpful in the
subseasonal forecasts.
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