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Aerosol Effects on Climate and Water Cycle
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Sail Aerosol Impacts on Climate

Cooling effects due to reflection of sunlight

Increase stablity (reduce convective potential) by surface
cooling and heating in lower troposphere

Enhance mid-low level heating and moisture convergence
Increased convection, and rainfall

1st type (Twomey effect): more CCN, more clouds with smaller
cloud droplets, and enhanced cloud albedo

2nd type (Albrecht effect): reduced coalesence, drizzle
suppression, longer cloud life time



Water vapor, clouds precipitation and dynamical feedback
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Aerosols.and onsoon water cycle

s over 60% of world population

Monson droughts
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"« Monson water cycle is about redist
precipitation, and atmospheriche

» SST,and land surface processes alter monsoon cycle, through generation
of atmospheric heating gradients
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Surface vegetation showing bare solil regions (red) :

sources of dust aerosols during boreal summer

NDVI image for 21-31 August 2000, from Pathfinder AVHRR



Sahara

Dust Outbreaks

RGB image acquired by Terra/MODIS "
Dust swept through west coast [
of Africa to Cape Verde &

Photo taken from Space Shuttle
Fierce dust front over Libya

- hoto taken from International
Space Station of dust plumes
over Kerman Desert, Iran

MODIS: February 29, 2000
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Both Cool Earth-Atmosphere
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GOCART Monthly Aerosol Optical Thickness
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Latitude

Aerosol optical thickness around the Tibetan Plateau
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Anomalies of surface air temperature
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Height (mb)

Height (mb)

Anomalies of vertical temperature (80-100E)
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Latitude

Latitude

Anomalies of shortwave heating

(a) Troposphere heating [65—95E]
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Anomalies of summer SLP and 850hPa wind
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Precipitation (mm day™)
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*By April 2002, there are

about 180 sun-sky scanning
spectral radiometers on-line
and some are operated since
1993.

[0 Automatic recording and transmitting Sun/Sky Photometers

[0 Data Base: Aerosol optical thickness, size distribution, phase
function & precipitable water

[ Collaborative: NASA - instruments/sites and centralized
calibration & database including non-NASA -
instruments/sites

http://aeronet.gsfc.nasa.gov



Global MPL-NET *
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*http://virl.gsfc.nasa.gov/mpl-net/ (E. Welton)

o Altitude: 60 km (maximal)
* Sensor Characteristics:

— Eye Safe — FOV 50 (100) urad. for transmitter (receiver)
— Nd:YLF diode pumped laser with — pulse repetition rate 2500 Hz

pulse energy of 10 uJ — 30-300 m vertical resolution
— visible wavelength at 0.532 pm — 1 month recording capacity

— beam divergence 1.2 mrad.

self-calibration against molecular scattering
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ACE-Asia: Aerosol Characterization Experlment Asia, 2001 and regional follow-ups 2002-2003
TRACE-P: TRANnsport & Chemical Evolution over the Pacific, 2001

APEX: Asian Atmospheric Particle Environment Change Studies, 1999-2003, Nakajima et al.

BASE-ASIA: Biomass-burning Aerosols in South East-Asia: Smoke Impact Assessment, Tsay et al.



£y CEOP-II Implementation for
Aerosol-water cycle interactions

« Add to the existing select CEOP reference sites
measurement platforms of aerosols
characteristics e.g. Himalayas, Tibet, West
Africa, Indonesia, LBA...

 Include current aerosol measurement platforms:
- AERONET
- MPL-NET
- ABC
- New Iinitiative on Indo-Gangetic Aerosol-
Monsoon water cycle interactions (IGAM)



peratives for an Indo-Gangetic Basin field campaign
on aerosol-water cycle dynamic interaction

The livelihood of >600 million people from Lahore to Calcutta
depend on a 2 to 3 month monsoon rainfall

Meltwater from the Himalayas sustain agriculture thru the dry
season

Glaciers are rapidly shrinking jeopardizing the long-term water
supply

Aerosol loading is extremely high throughout the year and is
increasing with the growth of the Indian economy (8%/yr)

The impact of aerosols on health, agricultural productivity and
the monsoon water cycle dynamics is uncertain



gew of haze, pollution
idia, from Tibet
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Single Scattering Albedo

Comparison of Asian Dust Single Scattering Albedo
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Nfgsﬁ Working Hypotheses for a “Indo-Gangetic
- Aerosol — Monsoon Water Cycle Initiative” (IGAM)

 Anomalous atmospheric heating by absorbing aerosols (dust + BC) stacked
up against the southern slopes of Himalayas, cause upper troposphere
warming, leading to a reversal of north-south temperature gradient over the
elevated high-albedo land surface of the Tibetan Plateau.

 The temperature reversal in April-May acts as a “heat pump”, and forced
ascent over northern India.

« The anomalous ascent of increasingly warm moist air, leads to an earely
onset and subsequent intensifies the Indian monsoon with enhanced
rainfall anomaly over northern India and the Bay of Bengal.

* Inthe long-term (climate change), all aerosols cools the surface, causing
spin down of the AHC, and weakening of the monsoon circulation
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