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Radiative heating/cooling in the mid-troposphere
modulates the vertical motions of the atmosphere

— This heating/cooling occurs primarily in water vapor absorption
bands that are opaque at the surface -

Approximately 40% of the OLR comes from the far-IR

— Until recently, the observational tools were not available to
evaluate the accuracy of the far-IR radiative transfer models

Upper troposphere radiative processes are critical in
understanding the radiative balance of the tropical
tropopause layer and the transport of air into the
stratosphere

These processes need to be parameterized accurately in
climate simulations (GCMSs)

Mlawer et al., Far-IR Workshop
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Many operational instruments
AERI, radiosondes, 22.2 GHz radiometer,
cloud lidar, cloud radar, etc.

PWV typically 1-4 mm in winter
Frequently clear-sky or ice-only cloud
In Feb-Mar period
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PWV Distribution

78 sondes from Feb to mid-Mar 2004-2008
Mean PWV: 244 +/-1.92 mm

82 sondes during RHUBC
Mean PWV: 1.29 +/- 0.32 mm
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RHUBC-I Scientific Appr'oa‘

Specification of Atmospheric Properties

Radiative Flux/Radiance
Transfer easurement

Model
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SGP:1.0cm PWW
MSA: 1.0 mm PWYW
CJS: 0.1 mm PWW
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Ground-based PWV retrievals primarily use observations
around the 22.2 GHz H,O line

« 22.2 GHz H,0 line is weak

Sensitivity of T, Is linear with PWV
Signal-to-noise is small when PWV <10 mm

Sensitivity to PWV Is 30x higher at 183 GHz than 22 GHz
(when PWV < 2.5 mm)

Sensitivity of T, Iis nonlinear as PWV increases above 2.5 mm
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Method: Use GVR measurements
« Width retrieval uses channels on
either side of “pivot point”

— Crucial for information on width

Frenkel

Ryadov

. Result; GVR-based retrieval: |
0.0992 cm-Y/atm(z 2.5 %)

« CRB calculations (Gamache):
0.0997 cm-*/atm (+ 3 %)

Bauer:
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Atacama Large Millimeter / Submillimetei Array - Taiwan
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ALMA Science

'ALMA IS THE WORLD'S LARGEST, MOST SENSITIVE RADIO TELESCOPE OPERATING AT
ALMA CSV MILLIMETER WAVELENGTHS:

The Atacama Large Millimeter/Submillimeter Array (ALMA) is the largest ground based, international astronomical
ALMA Engineering observational facility ever built. It is currently under construction in the Chajnantor area in the Atacama desert in
northern Chile. ALMA is designed to cover the wavelength range from 0.3mm to 9mm with an angular resolution of
up to 0.004 arcsec. The baseline project consists of the 12-m array of up to 64 12-m telescopes, and the Atacama
People Compact Array (ACA) of 4 12-m telescopes and 12 7-m telescopes. ALMA will be studying a broad range of

exciting science, such as weather patterns on solar system planets, the formation of planets and stars in our galaxy,
A nrnirtsten tie the motions within active galactic unclei, and the formation of the earliest galaxies at z~10.

Image Gallery

Internal Document

25 .

Artist's conception of the ALMA antennas in a compact array. Inage: courtesy-of NRAO/AUT and ESO.
ALMA/Chajnantor Video Clip, Backgrounds & Photos ( from ESO Press Release, 10 June 1999)






August - October 2009
Cerro Toco (~5350 m), Atacama Science Preserve, Chile
Scientific objectives

— Conduct clear sky radiative closure studies in order to
reduce uncertainties in WV spectroscopy

Minimum PWV: ~0.2 mm

3 far-IR / IR interferometers

1 sub-millimeter radiometer for PWV

1 sub-millimeter FTS

1 near-IR FTS

Lidar for cirrus detection

Mlawer et al., Far-IR Workshop
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First ever measurement of the entire
infrared spectrum from 3 to 1780 pm!

SAO FTS (Smithsonian)
FIRST (NASA/LaRC)
REFIR (Italy)

AERI (UW)

Radiance [mW / (m?®srcm™)]
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From Miloshevich et al., 2009 RHUBC-II| Water
Vapor Profiles
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» Water vapor profile important for radiative closure analysis in sub-mm and
far-IR

 Determination of WV continuum, other spectroscopic parameters
» GVRP measurements can provide valuable information
« Miloshevich et al. adjustments have questionable impact

» Consistent positive residuals near line center for low PWV cases have
been improved by utilizing more accurate instrument function

« Consistent negative residuals in transparent channels for low PWV
cases are not due to errors in radiative transfer model calculations

o Reconsideration of calibration approach underway (Cadeddu and
Turner)

* Using current GVRP measurements, WV profile retrievals show
significant decreases near surface and increases in mid-troposphere
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