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by cirrus clouds deduced from observations
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V. Ramanathan & W. Collins
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studies'***. For the hypothesis to become a validated theory,
we need to establish the link between convection dynamics,
large-scale moisture convergence into the warm regions and the
brightness of those regions, Three-dimensional climate models
in conjunction with detailed field and satellite observations can
provide that link, but first the models must pass the test posed
by the El Nino observations. O
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"Under the Influence of clouds Yvonne Baskin
Discover, September 1995, 16(9), 62-69.

@  “Looking at Clouds from both sides”San
Union Tribune, California, December 9, 1992,
Section, C1 and C6.

Date Ljne

CEPEX employed surface, East pogyg
airborne, and space-borne platforms ic
The oirborne platforms were NASA's ER-2, Aeromel’s
Learjet, the NOAA P-3, and the NCAR Electra. The surface platforms include the RV
Vickers, TOGA moorings (buoys), and upper-air stations on islands. Space-bome
platforms are Sun-synchronous polar orbiters (NOAA-10 ond DMSP) and
geosynchronous monitoring satellites (GMS). Instruments on these platforms
measure radiation fluxes, cirrus rodiative and microphysical properties, vertical
woter-vapor distribution, evaporation from the sea surface, and precipitation
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Ramanathan et al, JGR, 2001



MAC: Maldives Autonomous-UAV Campaign

The MAC Observing S,
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Warm Pool Heat Budget and Shortwave
Cloud Forcing: A Missing Physics?

V. Ramanathan,* B. Subasilar, G. J. Zhang, W. Conant,
R. D. Cess, J. T. Kiehl, H. Grassl, L. Shi

Ship observations and ocean models indicate that heat export from the mixed layer of
the western Pacific warm pool is small (<20 watts per square meter). This value was
used to deduce the effect of clouds on the net solar radiation at the sea surface. The
inferred magnitude of this shortwave cloud forcing was large (=—100 watts per square
meter) and exceeded its observed value at the top of the atmosphere by a factor of
about 1.5. This result implies that clouds (at least over the warm pool) reduce net solar
radiation at the sea surface not only by reflecting a significant amount back to space,
but also by trapping a large amount in the cloudy atmosphere, an inference that is at
variance with most model results. The excess cloud absorption, if confirmed, has many
climatic implications, including a significant reduction in the required tropics to extra-
tropics heat transport in the oceans.



RAMANATHAN ET AL. (1995)
TROPICAL PACIFIC WARM POOL

SW CRF(TOA) =-65 W m™

EXCESS ALL-SKY ABSORPTION
RELATIVE TO CLEAR SKIES =35 W m?

SW CRF(SRF) =-100 W m (FROM RESIDUAL)
e e e, G s . e S

WALISER, COLLINS & ANDERSON (1996):
SW CRF(SRF) =-103 W m2 FROM IMET BUOYS

CONANT ET AL. (1996): RADIATION MODELS AGREE

TO WITHIN 4 W m? OF THE OBSERVED AVERAGE
CLEAR-SKY OCEAN AND ATMOSPHERIC HEATING.

CHOW & ZHAO (1996): IMET BUOYS, 2 SHIPS & 2 ISLANDS

SW CRF(SRF) =-99 W m? AND NO CLEAR-SKY
OBSERVATIONAL-MODEL DISCREPANCY




ABSORBED SOLAR RADIATION AT THE SURFACE
Models Vs Pyranometer Observations

GLOBAL ANNUAL MEAN; Average Cloudy Skies

180
9 GCMs
160
W m-2 Ramanathan &
GEBA Vogelmann, 1997
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ARM-ARESE1 & 2

Valero etal, 2003
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The Maldives Autonomous Unmanned Aerial Vehicle Campaign (MAC)
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ACR Manta

Weight - 23 kg (takeoff)
Wingspan - 2.7 meters
Cruise velocity - 35 m/s
Payload - 5 kg

Flight duration - 5+ hours
Manual or Catapult Launch
Autonomous GPS flight
Satellite communication link




Miniaturized Instruments
for UAV

Roberts, Ramana and Corrigan

Optical Particle Counter (580 g) Condensation Particle Counter
> Nopc; 0.3 <D, <3 pm ®—® /=] 1 inch (870 g) > N¢y; D, > 10 nm

Aerosol inlet & splitter (150 g)

(1.4 kg) > distr. 1 <D < 50 um

T/RH probe (50 g)
- Temperature & RH

Aethalometer (820 g)
- absorbing aerosol

K‘&_x Video camera (280 g)

Pyranometer (190 g) PAR radiometer (45 g) LWC probe (450 g) > cloud targeting
- irradiance 0.3 — 2.8 um - irradiance 400 — 700 nm - Cloud water (g m-)



Necessary to Shrink Instruments
Lead Inst scientist for black carbon: C. Corrigan

UAYV version

\ Commercial
(\

800 -
Commercial Aethalometer
700 1 UAV Version
& 600
E
g 500 A
E
2
E 400 1
E 300 1
8
g 200 1
100 1
a T r r r r r 1
0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00

Time (hours)




The Maldives Autonomous Unmanned Aerial Vehicle Campaign (MAC)
06 March - 01 April, 2006
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Warming Trends in Asia

amplified by brown cloud solar
absorption

Ramanathan, Ramana, Roberts,
Corrigan, Chung and Winker, Nature,
448, 575-578, 2007.
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Hanimaadhoo Island

Image ©2007 DigitalGlobe
Image © 2007 TerraMetrics




Maldives Climate
Observatory -
Hanimaadhoo (MCOH)

Project Atmospheric
Brown Cloud




MAC Lightweight Instrumentation

Instruments

Above
Cloud

In-
Cloud

Below
Cloud

Aerosol

Total particle concentration
Size distribution

Black carbon and absorption

Radiation

Up/Down Pyranometer
UP/Down PAR

Clouds

Cloud droplet probe
Liquid water content probe

Meteorology
Temperature
Relative Humidity
Pressure

Aerosol inlet system

Data Acquisition system
Video Camera + Downlink
Miscellaneous + Batteries

2L 2 2

2L 2

< 2L 2 2

2 2

2L 2 2 < <

2L 2 2

2L 2

< 2L 2 2

Total weight

5.4 kg

5.3 kg

3.9 kg




MAC Stacked UAV Flight Configuration

3 km asl

In cloud

100 m below cloud

il' Surface observations



Methods for data quality assurance

» Laboratory calibrations

* On-site calibration/comparison with
established instruments (MCOH)

* Pre-flight readings
* Inter-plane comparison
* Fly-by of ground station



Atmospheric Layers

3000 1 T~ 3000 - W
— Oes
250 %} 2500 |
£ =
= 2000 = 2000 |
T _
2 1500 - = 1500 -
i =
1000 | ; 1000 -
500 - i 500 |
£
0 I I I 0 T T I I I
0 1000 2000 3000 00 320 340 30 380 400

Total Particle Concentration (#lcm °) Potential Temperature (K)



Altitude (m)

Cross-platform Comparison of Total
Particle Counter
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Total Particle Concentration during MAC
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Corrigan et al., 2007
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Black Carbon Vertical Profiles during MAC
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Aerosol Size Distribution from Clean
and Polluted Periods
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Surface and UAV Absorption Comparison
(Aethalometer).

- - UAV

/A Surface
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1a)  Aerosol number concentration, #/em’ (P) Absorption coefficient, Mm™!
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Validation with Ground Observations
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Wing tip to Wing tip comparison
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Incoming broadband flux comparison: MAC vs MACR (cloud-free day)
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Broadband albedo
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Atmospheric Absorption and Heating rate : cloud-free day
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Ramana et al., 2007



Simulated Heating Rate without Aerosol
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Almost clear day

Above Cloud (1500-3000m)
[Visible]: March 29, 2006

MAC

ABC (int)

ABC (ext)

ABC (ANT SSA=0.920)

ABC (ANT SSA=0.920): vertically same SSA with AERONET SSA
ABC (ext): External mixture of Sulfate (30%)+Dust(97-99%)+BC(1-3%)
ABC (int): Internal mixture of Sulfate (30%)+Dust(97-99%)+BC(1-3%)

Visible

20



Diurnal mean Atmospheric Absorption and Heating rates between 0.5-3.0 km (cloud-free day)

Spectral Absorption, Wm? Heating rate, K.Day"!
range 0.5-3.0km 0.5-3.0 km
MAC MACR MACR MAC MACR MACR
{without aerosols} {without aerosols}

Broadband 412475 (454 +£2 34.1 1.534+0.26 1.594+0.05 1.19
(0.3-2.8um)

Visible 83+4.7 |72+1 1.2 0.29+£0.17 | 0.25+0.02 0.04
(0.4-0.7 pm)

Ramana et al., 2007



Atmospheric Heating rate : during the MAC experiment
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Global Dimming

Changes of Decadal Mean Surface Solar Radiation:
1981 - 1990 minus 1961-1970 (Liepert, GRL, 2002)
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Is there Direct Evidence for the Dimming
and its Causal Factors?

* The Indian Ocean Experiment Provided Direct
Chemical, Microphysical and Radaiometric
Evidence that absorbing aerosols can lead to 10
to 15% reduction in seasonal averaged solar
radiation at the surface over a large area, as

large as the entire Arabian sea, Bay of Bengal

and the S. Asian Region an area as large as
USA,;

Satheesh and Ramanathan, 2000;
Ramanathan et al, 2001;
over 100 papers and two special volumes in JGR
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Spectral Radiative Forcing

Meywerk & Ram, 2003

Spectral Forcing [Wm™“nm™']
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Direct observations: Clear-sky Forcing Efficiency
Satheesh and Ramanathan, Nature 2000
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GEBA and PCM Estimated Trends in Surface Solar Radiation: March.

All values were Normalized with 1965 Values; For West Coast Only
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Models Vs Pyranometer Observations
GLOBAL ANNUAL MEAN; Average Cloudy Skies

Wild et al, 1995 T
180 |
9 GCMs
. A
160 |
S GEBA
140 W

Figure 4. Comparison of the global annual mean shortwave
absorbed at the surface as estimated from models and
observations. The arrow indicates the range of values computed
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Clear sky %% All sky

Af ;.= -6+ 1 Afrop=-311
S(1-ct)=290+2 S(1-a)= 243+4
(ERBE=288, (ERBE=240, Cf= -48+4
GERES=291) CERES=244) / (ERBE=-48,
et \ . *_CERES=-47)
7243 7945
\ b
Afg.=-11+£2  218%4 164 +6 (144) Algee= 152
c.;=0.150 £:0.006 a=0.29 +0.01 \ Ohmura &
Gilgen 1993

Revised Solar Radiation Budget : Kim and Ramanathan, JGR, 2008




Anthropogenic

i@é Radiation Budget (Wm-2) Aerosol Forcing
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-1.0
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0=0.302 0=0.306
Natural aerosol Total aerosol Ohmura &

with cloud with cloud Gilgen 1993




Surface Dimming & Atmospheric Heatin

by Brown Clouds: 2000-2003

b) Atmospheric Absorption unit=W/m?

f

60N -

30N -

gl Chung,
Ramanathan,

EQ -
Kim,

B Podgorny,2005

308 -

60S -

Greenhouse Forcing =3 W/m**2
Brown Cloud Masking= -1.5 (+-50%) W/m™**2

A =4 e=-||lllll!;

Surface net

c)

60N
30N
EQ

30S

Ramanathan 2007




Future Missions Planned by our Team

1. Light Weight UAV's as Airborne Observatories

Profiling aerosol-chemistry-air pollution in California

-CAPPS (funded by CEC) (2007- )

2. Olympics Campaign

Definitive Measurements of Cloudy Sky Solar Absorption
Indirect Effect of Aerosols

» Marine stratocumulus clouds (Pilot 2009; Campaign: 2010)
f With M Ralph; G McFarquhar; Marshak; }




Measurements for CAPPS

( Corrigan, Ramana, Lehmann, Nguyen, Ramanathan

Aerosol Number Concentration
Aerosol Size Distribution (0.3 — 3 um)

Aerosol Absorption/Black Carbon
Concentration

Ozone
CO

NO,/NO/NQO,
Temperature, Pressure, Relative Humidity

Funded by CEC
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Thank You

1) NSF/ NOAA/NASA/Vetlesen/Alderson

2) Maldives Govt

3) Fahey/Fein/Koblinky/Kuettner/Maring/Y uhas
4) NASA-Dryden (Curry/Jennison)

Scripps Team: Hung/Roberts/Ramana/Corrigan/Kim/L1

ACR Team: Patterson/Mulligan/ Maldives Crew



