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Introduction

m Long-term observations of surface downward solar radiation
have shown a wide-spread trends from dimming to brightening
in the past 50+ years over Europe, North America, China (e.g.,
Wild et al. 2005; Qian et al., 2006)

m Various explanations have been given, with special attention
given to aerosols since the anthropogenic emission trends of

aerosol and precursor gases mirror the change of surface
radiation (Streets et al., 2006, 2008)

m However, the link of the changes of anthropogenic emission
and surface radiation is not straightforward because of the
complex atmospheric processes especially the interactions of
aerosol and clouds

m This work attempts to investigate the aerosol trends in the
modern era (1980 to present) and assess the role of aerosol
effects on surface radiation using satellite data, ground-based
observations, and a global model



Model and observations

m Model: GOCART - global aerosol chemistry and transport

model using the assimilated meteorology from GEOS-
DAS, with sulfate, dust, BC, POM, and sea salt simulated

m Satellite observations: AOD from AVHRR (two different
retrievals from NOAA and GISS), MODIS, and MISR

m Limitations: MODIS and MISR only available since 2000
m AVHRR only covers ocean

m Surface radiation data: Glebal-ErergyrBalanece-Archive
(GEBA)recwork-fannualaveragetoal SV -downrward

, Baseline Surface Radiation Network
(BSRC, dally total/dlffuse/dlrect) and China Meteorological
Administration (CMA, daily, total/diffuse/direct)



Today’s talk:

m Showing multi-decadal variations of AOD from 1980
to 2007 from GOCART simulations and satellite

data on global and regional scales

m Comparing model simulated short-wave radiative
flux at the surface with data from the China
Meteorological Administration (CMA, |2 sites) and

the Baseline Surface Radiation Network (BSRN, 12
sites)

m Discussing the possible role of aerosols on the
multi-decadal variation of surface radiation change —
your feedback is appreciated!
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Anthropogenic and natural emissions of
aerosols and precursors — 1980 to 2007
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Global distribution of AOD
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Global and regional aerosol trends — comparisons
of AOD between model and satellite data
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Multi-year variations of AOD — Global
land and ocean annual average

AOD 550 nm
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GOCART AOD 550 nm 198001-200712

GOCART AOD 550 nm 198001-200712

Overall comparisons of AOD
monthly avg, 198001-200712)
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Calculation of surface radiation

GOCART 2000-2007 average AOD 550 nm

m Modeled AOD, single
scattering albedo, and
asymmetry factor interfaces
with the Goddard radiative
transfer model

m Climatological CO, and ozone
from the Goddard models
using the same meteorological
data as GOCART, and clouds

and water vapor from the
GEOS-DAS

m We us the all-sky SW
downward flux at the surface

for comparison with GEBA,
BSRN, and CMA data
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Comparisons with data over China
(1980-2005) and BSRN (1992-2004)

m Show example of comparison at a site of absolute
values of surface downward flux of

m All sky total, diffuse, direct
m Clear sky total, diffuse, direct

m Show surface/TOA ratio (Ry,,.,) for all sites and
only for clear sky condition (to remove latitudinal/
seasonal dependence of radiation and to remove
cloud effects on radiation) therefore mainly aerosol
effects are shown

m Show anomalies of clear sky R ;...
€6 b
trends’” between data and model

to compare



Comparison with surface radiation data from
China Meteorological Administration (CMA) sites

|22 sites measuring daily total
downward SWV flux during
1980-2005 timeframe

Only 12 of them have separate
measurements of total, diffuse, and
direct radiative flux data nearly
continuously from 1980 to 2005 and
have cloud fraction information

We mask “clear sky” with observed
cloud fraction less than 10%

For trend comparisons, we construct
“annual average” values by averaging
the matching dates when
observations are made
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|. Example at one site

m Comparison of absolute SW downward flux
values



Example of comparison at one site
(Zheng Zhou, eastern China)
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Overall comparison at all CMA sites:

m Overall, model calculated

“all sky” total downward TR N L

radiation is higher than ~ 'Allsky — +35% -4% +57%
CMA data, mainly from (no aer)  (+49%) (-32%) (+103%)
higher direct radiation Clear sky  +13% -20% +26%
from the model (noaer) (+24%)  (-68%) (+60%)

m Under “clear sky”
condition the agreement

m Without aerosol the agreement
is better (except diffuse) .

would be much worse



2. Clear sky, surface/TOA ratio (R

) at all sites

m Jo isolate signal mostly due to aerosols
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3.Anomaly of clear sky R

sfc/toa

m [o compare “trends” regardless of observation

and model differences in absolute radiation or
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Comparison with surface radiation data from
Baseline Surface Radiation Network (BSRN) sites

28 high frequency
measurement sites recording
total, diffuse, and direct
radiative flux data under all sky
and clear sky conditions
starting late 1992

Compare with 12 sites that
have the most continuous and
longest data records

We use monthly average data
(from Stefan Kinne)

For trend comparisons, we
construct “annual average”
values by averaging the
matching months when
observations are made

_BSRN surface radiation sites
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|. Example at one site

m Comparison of absolute SW downward flux
values



Example of comparison at one site
(Payerne, Switzerland)
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Overall comparison at all BSRN sites:

m Overall, model calculated
“all sky” total downward -mm
radiation is higher than All sky +93% 17% +519%
BSRN data, mainly from
higher direct radiation

(no aer) (+28%)  (-34%)  (+72%)

from the model. Diffuse Clear sky ~ +0.2% t16% -3%

is lower than BSRN data (no aer) (+5%) (-40%) (+12%)
m Under “clear sky”

condition the agreement

is much better for total m Without aerosol the agreement

and direct, but diffuse is would be much worse

higher



2. Clear sky, surface/TOA ratio (R

) at all sites

m Jo isolate signal mostly due to aerosols



SW flux sfcftoa SW flux sfc/toa

SW flux sfc/toa

Clear sky, R

Clear sky total

sfc/toa’

Clear sky total

Clear sky total

total rad,|2 BSRN sites

Clear sky total

" bar 71.32N 156.60W 0.01km - bil 36.60N 97.52W 0.32km [ bon 40.07N 88.37W 0.21km bou 40.05N 105.00W 1.58km ]
107 R=0.237 E=0.189 B=0.761 S= 0.179 1 0.78 R=10.908 E=0.007 B=0.996 S=0.514 -1 0.80F R=0.753 E=0.020 B=0.979 S=0.312 . - R=0.921 E=0.011 B=1.0125=0.823 3
R=-0.097 E= 0.136 B= 0.843 S=0.195 ] r R=0.795E=0.026 B=1.033 S=0.148 [ R=0.718 E= 0.024 B= 1.026 S=0.161 I R=0.126 E=0.042B=1. 054 S 0.037 1
I ] 076} ] / — )
0.8F . ; ] A T e
v o 1074 0.751 -
AN M) R i E o oZe oo
o6l S T T T e S o om0l ] %70
L NI 4 . [ 1 t
DS 1 070L E | 074}
0.4k BSHN GOCART GOCART noaer ] 0.68LF BSRN GOCART GOCART noaer _ BSHN GOCART GOCART noaer | 0_72— BSRN GOCART GOCART noaer -
1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004
[ Tpk 48.32N'105.10W 0.63km ] ' gvn 70.655825W0.04km ] [ ‘gwn 34.25N 89.87W 0.10km 1076F" " 'kwa 8.72N'167.73E 0.01km ]
0.80L R=0.718 E=0.021 B=1.0045=0.097 ] 989F R=0761E=0.074B=09165=0370 ] 0.78] R=0.683 E=0.011 B=1.004 S=0.271 7  R=0.789 E=0.011 B=1.015 S=0.832 E
[ R=0.592 E=0.042 B= 1.050 S= 0.101 1075 [ R=0.485E=0.059 B=0.974 S=0.103 0.76 [ R=0.735E=0.035B=1.045S=0.129 1 0.75F R=0.140 E=0.019 B= 1.025 S=0.097
. [ ] E ~
-] r ] : E'\")"—"—"\"/""\"——"\’ """"""
0.75} | 0.70F 7\ 1 074f ] 074; P
A e 1 f 1073k E
| : 0.65: ) /L ool 7 0.73 @j” /?—9—9—9—9 ]
0.70 0.60F 3 [ ] E E
i ] ?&é/( o7of _ 0'725
1 055EF ] ] : ;
0,65k BSRN GOCART GOCART_noaer 1 F BSRN GOCART GOCART_noaer 1068F BSRN GOCART GOCART _noaer ] BSRN GOCART GOCART_noaer E
1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004
" lin52.22N 14.12E0.12km = ost  Nya78.93N 11.95E'0.01km E i pay 46.82N 6.95E 0.49km 1080F" " "syo0 69.00S 39.58E 0.02km ]
I R=0.698 E= 0.037 B= 0.949 S= 0.481 1 ’ R=0.833 E= 0.038 B=0.951 S= 0.633 0.80+ R=0.357 E=0.027 B= 1.034 S= 0.351 - [ R=0.744 E= 0.093 B= 0.872 S=0.544 ]
0.75[ R=0.218 E 0.029 B=1.038 S= 0.099 7] 0 7§ R=0.616 E= 0.053 B= 1.066 S= 0.062 E [ R=0.708 E=0.072 B=1.103 S 0.302 1 0.75F R=0.311 E=0.057 B=0.925 S=0.045 ]
[T e R U . é- e A 3 T T RR T LA T T T T e e T mm e E R ]
L E 3 r F v
0.70f @\{H rs 1 06E &6/ —& | 075 1070¢ (/ > 1
PN = i I S S ]
- § 1070 N g —— ]
1 04F 3 {1 0.60F .
0.60— BSHN GOCART GOCART noaer ] E BSRN GOCART GOCART_noaer BSHN GOCART GOCART noaer 1 - BSRN GOCART GOCART _noaer

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002

2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004



SW flux sfcftoa SW flux sfc/toa

SW flux sfc/toa

05

0.4

0.3

02k

Clear sky, R

sfc/toa’

Clear sky difffuse

Clear sky difffuse

diffuse rad,|2 BSRN sites

Clear sky difffuse

Clear sky difffuse

=" bar 71.32N'156.60W 0.01km
R=0.601 E= 0.077 B=0.760 S=0.769
E R=0.535E=0.168 B=0.411 S=0.036

ol N

S~

BSHN GOCART GOCART noaer

B Tttt

0.1§

] 005F

bil 36.60N 97.52W 0.32km
[ R=-0.566 E= 0.009 B=1.042 S= 0.167
0.20 R=-0.122 E=0.049 B= 0.562 S= 0.041

0.15F

BSRN GOCART GOCART noaer

0.10F g S—o—e=s=o ]

10.10

1 0.25F

0.20f

0.15

1 0.05F

bon 40.07N 88.37W 0.21km
R=-0.825 E= 0.031 B= 1.226 S=0.079

bou 40.05N 105.00W 1.58km
R=0.788 E=0.030 B=1.249 S=0.771

BSHN GOCART GOCART noaer

e e e e e e T - -

[ R=0326E=0043B=06175=0026 | 0.20[ R=0534 E= 0043 B=0.603S=0001
: ] 0.15:4\ .

DR - R AWZ\;'%%@_@*
- G,efT“‘U 7 i ]

0.051

BSRN GOCART GOCART noaer

1992 1994 1996 1998 2000 2002 2004

0.25

0.20f

0.05

0.15}

o.1oj

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

fpk 48.32N 105.10W 0.63km
R=0.005 E=0.025 B=1.172S=0.413
R=0.624 E= 0.041 B=0.658 S= 0.101

r BSRN GOCART GOCART noaer

joiop

0ask  9vn 706558 25W0.04km

E R=0.117 E= 0.051 B= 0.867 S= 0.500
030f R=0.790 E=0.108 B=0.527S=0012 ]
0.25F :

e 2\ > ]
020f u\?& A/ ;
0.15 W@—@—O ;

BSRN GOCART GOCART noaer

1 0.20F

1 0.0}

HoosL

0.15

gwn 34.25N 89.87W 0.10km ] [ kwa 8.72N'167.73E 0.01km ]
R=0.156 E=0.013 B=1.095 S= 0.488 {1 0.12 R=0.375 E=0.022 B=0.796 S= 0.566 A
R=0.191 E= 0.049 B= 0.559 S=0.008 ] [ R=0.449 E=0.042 B= 0.560 S=0.000 ]

i _ 0.10 K @_@ — 7
1 0.08f W ]

] 0.06:— .

BSRN GOCART GOCART noaer _ 0.04F BSRN GOCART GOCART noaer ]

1992 1994 1996 1998 2000 2002 2004

0.30

0.25

0.20}

0.15¢

0.10

0.05

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

£ lin52.92N 14.12E0.12km 4 035F  nya 78.93N 11.95E 0.07km 3 030F ™ hay 46/82N 6.95E 0.49km [ syo 69.00S 30.58E0.02km |
| R=0.838 E= 0.029 B=1.200 S= 0.914 I R=0.053E=0.044B=11075=0523 | g sf R=0780E=0029B=11825=0438 ] 030F R=10036E=0062B=0.7635=0.328 ]
L R=0.365 E= 0.065 B= 0550 5= 0.041 4 0.30F R=-0.143 E=0.084 B=0.6045=0.010 1 “2°[ R=-0.005 E= 0.059 B=0.547 S=0.052 1 R=0.147 E=0.130 B=0.472S=0.050 |
[ ] [ 109o5L - o) h
- 10251 1 020:— _: E o y 3
F G-e\,\ ] F [ 1020k N& .
E GA\ b J_\‘G—“‘J 1 0.20F _0.15_ 1k

" A e SO 1 ] %&%ﬁ— [ e ]
i Jo15F 1 0.10F 1 0.15¢ ]
L BSRN GOCART GOCART noaer 1 010F BSRN GOCART GOCART _noaer 70051 - BSAN GOCART GOCART_noser 1010 " BSAN GOCART GOCART_noaer ]

1992 1994 1996 1998 2000 2002

2004

1992 1994 1996 1998 2000 2002

2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004



SW flux sfc/toa SW flux sfc/toa

SW flux sfcitoa

Clear sky,

Clear sky direct

R

sfc/toa’

Clear sky direct

Clear sky direct

direct rad,|2 BSRN sites

Clear sky direct

08 bar 71.32N'166.60W 0.01km | [’ bil 36.60N 97.53W 0.32km 0.8F" " "bon 40.07N 88.37W 0.21km 7 | bol40.05N 105.00W 1.58km ]
0.7F R=0.715E=0.121 B=0.778 S=0.826 3 0.75F R=0.796 E=0.009 B=0.988 S=0.895 E I R=-0.084 E=0.043 B=0.937 S=0.444 0.8F R=0.913 E=0.027 B= 0.977 $=0.769 E
R=-0.158 E=0.088 B=1.111 S=0.112 g070;___3__0_3@3E__O_O?SiB—]_j16S_O_1_O_7_____; 075_ H 0658E 0.062 B=1.096 S= 0185 E [ R=0173E= 0084B—1119S 0.007
08 AN R R T T S ]
o5} s L : B-=--ooius R BIPCS= D0 S
/ P e i %‘éﬂ@é@ 1 06k == ] E
0.43/, - | 060} ] g — 3 / 5
E E [ ] 06'_ -
: 1 0.55F 7 f ]
03; I | o05f 1
E 0.50' 3 E ]
02¢ BSRN GOCART GOCART noaer BSRN GOCART GOCART noaer BSRN GOCART GOCART noaer 05E BSRN GOCART GOCAHT noaer 3

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

0.8F" " fpk 48.32N 105.10W 0.63km
F R=0.411 E=0.020 B=0.973 S=0.702 3
075_ R= 0237E 0.076 B=1.122 S= 0151 3

06F

05

BSRN GOCART GOCART noaer

0.4L

gvn 70.65S 8.25W 0.04km

0.7 R=0.895 E= 0.052 B= 0.924 S= 0.856
f R=0.453 E=0.105B=1.161 S=0.148

0.3 E BSRN GOCART GOCART noaer

E s -

0.65_-/----\--_---_—-;;---N-—-—-------»-----_—
M .ab -~

05 o o & 3

0.43— E

] [ gwn34.25N 89.87W 0.10km ]
3 0.75F R=0474E=0015B=0988S=0657 7
E [ R=0.694 E=0.082 B=1.1335=0.102
1 070F LT
{065 :
E A M;_
0.60 ,—W 3
0.55F
0.50F E
BSRN GOCART GOCART noaer

072k

1 0.66f
1 0.64f %?e_&a
1 o062f P

] 0.60F

kwa 8.72N 167.73E 0.01km

: R=0.841 E= 0.031 B= 1.047 S= 0.671
] 0.70f R=-0.182 E=0.060 B=1.094 8= 0034
0.68F -

BSRN GOCART GOCART noaer

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

- lin52.22N 14.12E0.12km 7; " nya 78.93N 11.95E 0.01km ok  pay46:82N 6.95E 0.49km E " syo 69.00S 39.58E'0.02km ]

t R=0.805 E= 0.065 B=0.886 S=0.808 0. E R=0.685 E=0.064 B=0.871 S=0.711 E "F R=0.724 E=0.029 B=1.001 S=0.332 E 07 E R=0.161 E=0.050 B=0.915 S=0.151 E

0-7;' R=0.210 E= 0.093 B= 1.161 S= O 052 0 6§— R=-0.076 E=0.121 B=1.265 S=0.319 3 I R=0.454E=0.130B=1.226 S=0.158 E I R=0.099 E=0.075 B=1.139 S=0.429 1

E------ - —_— e E >~ ~ i1 07 ~—- ——— e s — TR e ] E ~ ]

E E 1 06F------- e e ~

06F o 0.5F E E 3
: @\e/@\%-g 04l 06t 5 =S8

: 4 6 05F R - ) |

0.5 o=E=0 E E E E

i e 0.3 1 . o~ _

F E 3 0.5¢ F E

04f 0.2F I 0.4 ;

BSRN GOCART GOCART noaer 01 _ BSRN GOCART GOCART_noaer _ 04k BSRN GOCART GOCART noaer E 035 BSRN GOCART GOCART_noaer

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004



3.Anomaly of clear sky R

sfc/toa

m [o compare “trends” regardless of observation

and model differences in absolute radiation or
R

sfc/toa



SW flux sfcftoa SW flux sfc/toa

SW flux sfc/toa

"tk 48.32N'10510W 0.63km | " gvn 70.655 8.35W 0.04km gwn 34.25N 89.87W 0.10km PO Ywa 8.72N'167.73E 0.01km
R=0.718 E= 0.020 S=0.097 {0.10F R=0.761 E= 0.046 S=0.370 ] 0.04} R=0.683 E=0.011 S=0.271 —40.010F R=0.789 E= 0.004 S=0.832
0.05- R=0.592 E=0.021 S=0.101 i R=0.485 E= 0.056 S=0.103 1 [ R=0.735E=0.012S=0.129 1 E R=0.140 E= 0.006 S=0.097
' 0.05 1 0.02 {0.005¢
: I 1 1 Jo.000f )~
L < 4 [ _— = — = ] - QY. L — W/
0.00 0.00—~ 1 0.00] I >
i 1 0.05f / 1 i {0.005
, 052 1 1002 Jo.ot0f
' BSRN GOCART GOCART noaer 1 0-10¢ BSRN GOCART GOCART noaer ] _0_04 - BSRN GOCART GOCART noaer _:0_015 BSRN GOCART GOCART noaer
1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004
0oak  in5222N 14.12E0.12km ] " nya 78.93N 11.95E 0.01km 1 0.04F" " pay 46.82N 6.95E 0.49km ] [ syo069.00S 39.58E 0.02km
’ [ R=0.698 E= 0.008 S= 0.481 1010k R=0.833 E= 0.023 S= 0.633 R=10.357 E= 0.013 S= 0.351 1 0.041 R=0.744 E=0.014 S=0.544
0.02L R=0.218 E= 0.010 S=0.099 1 [ R=0.616 E= 0.034 S=0.062 10.02- R=0. 708 E=0.005 S=0.302 g i R=0.311 E=0.018 S=0.045
02f : ] 1002
: \m 1 0.05¢ 1o 00 _ﬁ A e 1
0.00¢ N 1 | 17 ¥ N 1 0.00f
i @@ 1 0.00f 1 1 .00k
-0.02f . i {-0.02f 1-0.02}
0.04f 1-005; 1-0.04f 1-0.04f
BSHN GOCART GOCART noaer BSRN GOCART GOCART noaer BSRN GOCART GOCART noaer 1 006 [ BSRN GOCART GOCART_noaer
1992 1994 1996 1998 2000 2002 2004

02

Anomaly, clear sky, R

BSRN sites

Clear sky total anomaly

Clear sky total anomaly

sfc/toa’

total rad, |2

Clear sky total anomaly

Clear sky total anomaly

" bar 71.32N'156.60W 0.01km " bil 36.60N'97.52W 0.32km ] 005k bon 40.07N BB37W 0.21km 1 004 hol 40.05N 105.00W 1.58km
R=0.237 E=0.058 S=0.179 ] R=0.908 E= 0.006 S=0.514 1777 R=0.758 E=0.013 S=0.312 ] I R=0.921 E= 0.007 S=0.823
Fi=—0.07 E=0.066 S=0.195 ] 0.021 R=0.795 E= 0.008 S=0.148 71 0.04F R=0.718 E= 0.014 S=0.161 10.02F R=0.126 E= 0.010 S=0.037

1 0.00] ] 002F / 1 000}
g [ 1 0.00F W ] :
1-0.021 _ _0_02; _ -0.02f
] 1-0.04F J-0.04f
F BSRN GOCAHT GOCAHT noaer E '0-04" BSRN GOCART GOCART noaer 1.006F BSRN GOCART GOCART noaer 1 [ BSRN GOCART GOCART_noaer

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1

992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002

2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004




SW flux sfc/toa SW flux sfc/toa

SW flux sfc/toa

0.15}
0.10f
0.05f
0.00}

-0.05 f

-0.10F

010l fPK48.32N105.10W 0.63km """ gvn 70.65S 8.25W 0.04km 1 oosf  gwn 34.25N89.87W 0.10km ] 0.04 . kwa 8.72N'167.73E 0.01km
! R=0.005 E= 0.016 S=0.413 1 o10F R=0.117 E= 0.042 S= 0.500 ] . R=0.156 E= 0.007 S= 0.488 157 R=0.375 E= 0.010 S= 0.566
i R=0.624 E= 0.012 S=0.101 1 i R=0.790 E= 0.035 S= 0.012 1006F R=0.191 E= 0.004 S=0.008 1 0.03F R= 0.449 E= 0.007 S= 0.000 E
005k 1005 —i 10.04fF ] o_ozé 3
/ 1 0.00 m _,o/\_s 1 002} 1 o01f .

0.00 NM} ] [ v 1 0.00} ] 0.00; P‘e\s—e.m :
i il 1-0.05F ] : 1.0.01 _ E

] 1-0.02F 1001 E

BSRN GOCART GOCART noaer 1010k BSRN GOCART GOCART noaer ] BSRN GOCART GOCART noaer O ook BSRN GOCART GOCART noaer E

0.08p R=0.838 E= 0.006 S=0.914 ]
0.061 R= 0.365 E= 0.010 S= 0.041 3
0.04F 7
0.02} '

0.00F 1 1 0.00f : ]
0.02 N 1o05¢ [ 1-0.02f 1
_0.04F BSRN GOCART GOCART _noaer ] | BSRN GOCART GOCART noaer [ BSAN GOCART GOCART_noaer 1-0.04F BSRN GOCART GOCART noaer 3

Anomaly, clear sky, R

BSRN sites

Clear sky difffuse anomaly

Clear sky difffuse anomaly

sfc/toa’

diffuse rad,|?2

Clear sky difffuse anomaly

Clear sky difffuse anomaly

[ bar 71.32N'156.60W 0.01km ] [ bil 36.60N 97.52W 0.32km - bon 40.07N 88.37W 0.21km | 10l DoU 40.05N 105.00W 1.58km
o R=0.601 E=0.041 S=0.769 q008¢ R=-0.566 E=0.008 S=0.167 = R=-0.825 E=0.018 8= 0.079 17 R=0.788 E=0.018 S=0.771
R=0.535 E= 0.046 S=0.036 10.06 b R=-0.122 E= 0.004 S=0.041 i R=0.326 E= 0.011 S=0.026 1 i R=0.534 E= 0.019 S=0.001
1 0oaf d 1005} ]
1 0.02f 1 0-02F e E
| 0.00 %; i M 1 000 3 ~w
{oce} foek :
BSRN GOCART GOCART noaer E 004 BSRN GOCART GOCART noaer 1-0.04F BSRN GOCART GOCART noaer E 0,051 BSRN GOCART GOCART noaer b

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

lin 52.22N 14.12E 0.12km

1 0.10f
10.05F

1 0.00}

nya 78.93N 11.95E 0.01km
R=0.053 E= 0.039 S=0.523
R=-0.143 E=0.027 S=0.010

1 010}

1 0.05]

pay 46.82N 6.95E 0.49km
R=0.780 E= 0.017 S=0.438
R=-0.005 E=0.010 S=0.052

1008}
1 0.08}
004
1 0.02}
1 0.00f

syo 69.00S 39.58E 0.02km
R=-0.036 E=0.021 S=0.328
R=0.147 E= 0.010 S= 0.050

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002 2004

1992 1994 1996 1998 2000 2002

2004




SW flux sfcftoa SW flux sfc/toa

SW flux sfc/toa

Anomaly, clear sky, R .., direct rad,|2
BSRN sites

Clear sky direct anomaly Clear sky direct anomaly Clear sky direct anomaly Clear sky direct anomaly
ooF bar71.32N'156.60W 0.01km = 3 " bil 36.60N'97.52W 0.32km ] [ "bon 40.07N 88.37W 0.21km™ ] 0.10F "~ bou 40.05N 105.00W 1.58km ]
R=0.715 E= 0.044 S= 0.826 1 0.05F R=0.796 E= 0.006 S= 0.895 1005k R=-0.084 E=0.017 S= 0.444 ] : R=0.913 E= 0.022 S= 0.769
R=-0.158 E=0.068 S=0.112 11 R=0.883 E= 0.008 S= 0.107 17970 R=0.658 E= 0.009 S=0.185 10.05F R=0.173 E= 0.027 S= 0.007
o.oow 1 0.00f j@%ﬁ 0.0} =)
1-0.05] 1005} 1-0.05¢
i ] i 3-010:— j-o.1o'
j i-0.10F 1 ]
ook BSRN GOCART GOCART_noaer E [ BSRN GOCART GOCART_noaer ] | BSRN GOCART GOCART_noaer ].0.15[. BSRN GOCART GOCART _noaer
1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004
0.10F" " fpk 48.32N 105.10W 0.63km = ] " " gvn 70.65S 8.25W 0.04km ] [ gwn 34.25N 89.87W 0.10km | [~ kwa 8.72N'167.73E 0.01km
i R=0.411 E= 0.012 $=0.702 1 ok R=0.895 E= 0.033 S= 0.856 {o0o0sf R=0.474 E= 0.013 S= 0.657 ] . R=0.841 E= 0.009 S= 0.671
0.051 R=0.237 E= 0.011 S=0.151 1 7 R=0.453 E= 0,063 S=0.148 E i R=0.694E=00128=0102 ] 0.02- R=-0.182 E= 0.009 S= 0.034

e S W A peal |l
4 £ 1 0.00 Y A - 0.00

0.00] P s ¥%—| oo} = 1 000} SN ] 0.001
0,05 1 1 | 1|
F 1 -0.1 : —5_0_05? . -0.02_—

-o.10j— .

| 02 EI! 1-0.04f
015F BSRN GOCART GOCART noaer ; 0.2¢ BSRN GOCART GOCART noaer 5-0.10— BSRN GOCART GOCART noaer 7 r BSRN GOCART GOCART _noaer
1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004
010F™" " 1in5222N 1412E0.12km 010  nya 78.93N 11.95E 0.01km J010F" " pay 46:82N 6.95E 0.49%km ] " sy069.00S 39.58E°0.02km
. R=0.805 E=0.012 S=0.808 ] N R=0.685 E=0.030 S=0.711 1 r R=10.724 E= 0.029 S=0.332 1 [ R=0.161 E= 0.023 S=0.151
0.05 — R=0.210 E= 0.019 S=0.052 — 0.05L R=-0.076 E=0.032 S=0.319 {1 0.05F R=0.454 E= 0.012 S=0.158 1 0.05F R=0.099 E=0.012 S=0.429
0.00f 2 1 0 ] 0.00f A o= 1 1
e 1 0.00¢ ] s 1 0.00f
-0.05} 10050 1-005F ]
. ] j {-0.10F —"0'055
-0.101 71-0.10[ ] L ]
[ BSRN GOCART GOCART_noaer 1 BSRN GOCART GOCART noaer O 15Z_BSF1N GOCART GOCART_noaer —:-O 1ol BSHN GOCART GOCART noaer

1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004 1992 1994 1996 1998 2000 2002 2004



Remarks

m With seasonal and interannual variation of anthropogenic, biomass
burning, and natural emissions, the model simulated global
distributions of AOD and its multi-decadal variations agree with
different satellite observations within a factor of 2

m Comparison with surface downward radiation data over China and
BSRN sites shows

m Total SW downward flux at surface is too high from the model, especially
under all-sky condition

m This overestimate is mainly due to the overestimate of direct radiation

m Aerosol attenuates the direct radiation but amplifies the diffuse
radiation. Aerosol has to be accounted for on simulating surface
radiation.

m The best way to extract aerosol effects on surface radiation is to
look the clear sky surface to TOA ratio with direct and diffuse
radiation separately

m The clearer way to assess the aerosol effects on radiation trends is
to look the anomaly with and without aerosols



Remarks (cont’d)

m Over the BSRN sites (non-Asia), there is a general
trends of increasing surface total and direct
radiation but decreasing of diffuse radiation in clear
sky from 1992 to 2004, reflecting the decreasing of
aerosol over North America and Europe

m Over China the trends from 1980 to 2005 are not
clear despite the large increase of anthropogenic
emissions over China during the same period



Next steps

mUnderstand the relationships between emission,
AOD, and surface radiation on global and
regional scales

m Understand the bias of clear sky direct and
diffuse radiation (e.g., non-spherical dust effects,
mixing state effects)

m Trends in China in non-Pinatubo period



Relationship between emission and AOD —
by species, global monthly average
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For primary aerosols, emission and AOD are linearly
related on global bases, but the relationship changes
with regions and size of regional domains
For secondary aerosols (e.g. sulfate) the relationship

IS less clear




