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Quitdine

o A little philosophy

s A short look at AR

» A lot of snapshots of reality.
o A commercial message

Atmospheric Radiation Measurement



Ground-based sites (continuous operations)

Data sets for forcing Statistics Environmental 'c!nl text
JRELSvaluation Time series Standard atmospheric
I Model diagnostics O
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Surface obs.
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Theory
Empiricism

Physical process models
-- Cloud resolving

-- LES
-- Boundary layer
-- Surface

Global Climate Model

Parameterizations
of sub-grid scale
physics



[DesirabletchiaraGlel
pased data

s Continuous == temporal variability
o Comprehensive => cause and effect
o Useful to the broead science community
— Of known and reliable accuracy.
— Easily available
o Spatially distributed
— On the scale of model grid scales
— Acraoss climatic zones

Atmospheric Radiation Measurement



e Atmospheric Radration
Vieasurrement (ARM) Pregram
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Mugchiefithe difference in predictions of; glekal
warming| by various climate models is attributable to
the fact that each model represents these [cloud]
pProcesses in Its own particular way. These
uncertainties will remain until'a moere fundamental
understanding of the processes that control
atmospheric relative humidity and clouds Is achieved.

“Climate Change Science: An Analysis of, Some Key Questions”,
a report to the President from the Committee on the Science of

Climate Change, National Research Council, June 200
J /—%RI\/I....)...

Atmospheric Radiation Mea



ARM Questions Y

* |If we can specify a cloud field, can we compute
the radiative fluxes?

=> Requires knowledge of cloud properties
(3D structure, water path, phase, size, etc.)

Atmospheric Radiation Measurement



Need atmospheric
observations to

-- test hypotheses in
process model
studies

| — Meteorological
MMeasurement
Towwer

-- analyze data for
empirical _ LA hckrs

L— Calibratiom

Clowd FRadar —A o =2 and Sas '

Flux Radvwometars

relationships and
statistical
characteristics




ARM Questions s

* |If we can specify a cloud field, can we compute
the radiative fluxes?

=> Requires knowledge of cloud properties
(3D structure, water path, phase, size, etc.)

 |If we can specify the large-scale atmospheric
fields, can we predict the cloud field properties?

=> Requires 3D field of state properties and cloud
field properties

Atmospheric Radiation Measurement



Need data sets
that describe the
large scale
environment In

which clouds
form

Atmospheric Radiation Measuremen t




Ground-hased Remote SensmyIns e elen
s 35 Gz Radar (cloud properties)

» [idar (pulsed laser; particle and thin cloud
PrOPErtIes )

« Sky Imagers (cloud cover)

* Broad-band and narrow-band radiometers (solar
and infrared radiation)

» Microwave radiometer (water vapor and liguid
water)

» Meteorology sensors (temp, humidity, winds)

Atmospheric Radiation Measurement



ARV Brogram Compoﬁents

[Development and eperation; ofi ground-hased
remote sensing facilities

Continuous data acguisition and archiving
Data analysis
Physical process modeling

Parameterization development and testing

Atmospheric Radiation Measurement



Ground-based sites (continuous operatio L

Qu—

Data sets for forcing Statistics Environmental 'c!nl text

and evaluation Time series Standard atmospheric

observations

|

Field programs
Aircraft
Surface obs.

Parameters
Theory
Empiricism

i Model diagnostics

Physical process models
-- Cloud resolving

-- LES
-- Boundary layer
-- Surface

Global Climate Model

Parameterizations
of sub-grid scale
physics



Hoew well can we describe
- the state of the hox?

- the radratively active components?

Atmospheric Radiation Measurement



Data

o ARMISouthern Great Plains Site
* March 2000

¢ Routine ARM data

* |In addition

— Enhanced soundings at central and
pboundary facilities

— Alrcraft data as part of Cloud Intensive
Observing Period

Atmospheric Radiation Measurement
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e g ,
Energy fluxesimteruiercel Ui

* GOES radiation fluxes at TOA
— 1OW/m2in IR

— Potentially large errors in individual solar
measurements due to BRDF

o Surface radiometer measurements
— 10 W/m2 in individual measurements
— Local albedo only

» Eddy correlation and Bowen flux
measurements

— Error?

Atmospheric Radiation Measurement
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Domain averaged Surface iunes

. Based on spatially distributed
radiometers

o Clear sky sl

— Fit to'hemispherically clear sky @
measurements

o |Measured shortwave H

— Presented as ratio of measured to clear T
sky (1 = clear sky)

Atmospheric Radiation Measurement



Column Radiative Heating

19
Time (days since 1730 UTC Mareh 1, 20000

Atmospheric Radiation Measurement




Latent Heat Flux
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Surface Sensible Heat Flux
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|_arge-scaler=ereiig

o

Startwith assimilated mesoscale analysis
(Rapid Update Cycle Model — NOAA)

Add enhanced sondes (every: three hours
at 5 sites)

Do data integration ofi sondes and other
surface data using variational technigue
(M. Zhanget al.)

Compute domain average advection and
convergence from integrated field

ACcuracy: uncertain ARM aalian

Atmospheric Radiation Measurement
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= 4

Atmoesphericstatei(iecaliand ol -z1\/0))

s Surface variables
o [lemperature profiles
— Analysis (sondes)
» Molisture profile
— Analysis (sondes)
— Raman lidar;
— Microwave radiometer
» \Wind profiles
— Radar wind profilers
— Sondes

Atmospheric Radiation Measurement



Araed Mean Surfoce Pressure
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Surface Temperature
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Ground Temperature
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MWE Frecipitable Water
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CART Raman Lidar Aerosol and Relative Humidity Data
3 March - 15 March 2000

Relative Humidity
i 4

38 310 a1 anz ana a4
Juhan day

. 40 B0 BD 7D a0 g0 100
10 min data Relative Humidity [%]

ARN afla.
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Surface Frecipitation
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l'#.
Aerosol

. Opticalidepth (clear only)
— Sun phoetometry.
— Solar transmission

o EXxtinction coefficient profiles
— Raman lidar;

o Surface measurements (not shown)
— Scattering and absorption coeefficients
— Size distribution

Atmospheric Radiation Measurement



0 o ] m
L aw ob @ ﬁ-l‘ - s
alasgs) .
Oc od BP ke -~y E
-
o o e % B
o 00 O . g
S B oot
COm as £
o
- O
-
Q e
w)
oo o afb W —~
als i alals's I g' - o
4]
=
TP, | 2 b
-
EE 4]
CC O
M
02 o £V S 0
v 00 S =
@] |
o 0
[ [ [ [
0 &0 Il D 00

yideq eando |osolsy




[Tp]
(‘\!_
© O 415 nm
[ | 869 nm
]
o
o
£
ol 0
gun
T =
g ° -
g .
EE_ O o 0 ]
2 o ® 5
@ - O
0
=« ] . ® fg% %él O
o o
uoj__ % B. G ®
@ ﬁ ‘ ¢ h F % :
=
o
60 B2 64 66 68 70

Time (day of year)

Atmospheric Radiation Measurement



. *h—. il ﬂ‘-

CART Raman Lidar Aerosol and Relative Humidity Data
3 March - 15 March 2000

Aerosol Extinction Coetficient (355 nm)

38 310 M anz 33

iulian daw

Aerosol Extinction [km'™]
0.2 0.3

10 min data
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Cleud MacropRysIcs ? | r

o Cloud fraction (spatial)
— GOES
— SKy Imagery.
— Diffuse/Total shortwave ratio
» Cloud vertical occurrence (local)
— Cloud/radar
— Lidar

Atmospheric Radiation Measurement
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F™
Cloud fracﬁ'on Frorn s

o |Line efisight cloud fraction
. Daytime at 1 to 10 minute intervals
o Nighttime for near-full moeoen

99-07-13 1150 99-07-13 1351




Cleud fractien iem radiorﬁetl:y -

o L_ine of sight cloud fraction

 Based on ratio of diffuse to total
shortwave radiation (daytime only)

s Accuracy of 0.1 in cloud cover

Atmospheric Radiation Measurement
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Southern Great PIais

s /"NOAA 404-MHz Wind' Profilers (0.75'm)
o, Detalled cloud structural information-Cl=

Tropopause 300 km

300 km ARM afha.

Atmospheric Radiation Measurement



Clear-air Radars and Clouds

o Clear-air radar—refiractive gradients

 Cloud boeundaries —large refractive
gradients

o Discrimination between clear-air echoes
and cloudy echoes?

— Condition dependent

Atmospheric Radiation Measurement



Example:
tuned profiler
mask has 87%
agreement with
ARSCL at CF

CF Profiler
Reflectivity

m 15 0 N 0 15 20
BRSCL M3k RIUP DN MK, == 010

CF
Cloud Mask
(ARSCL)

Tune profiler mask until the best
match with MMCR mask iIs obtained and
record the values of the tuning parameters

and the skill score.



D&-htar-2000 AR
HighiLowy Merged for T 0.5
Aftitude in km
Time in hours, UTC
Ceilometer data used

=
4

o v il

13 20

Tuning parameters from CF applied to all profilers in the domain

ARN afla.
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SpatialiCletd Broguict

o Use profiler masks to estimate cloud
fraction over the SGP domain as a
function, of time and height

o Example:

— At a given height and time, If five of seven
profilers test positive for cloud, Cloud
Fraction=5/7=0.71

Atmospheric Radiation Measurement



Cloud Fraction
over entire SGP CART Site

Fraction

12 14
Day of hMaro




Cloud Fraction
over entire SGP CART Site

Agoregated cloud masks, £ =05

ARN afla.
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Cloud I\/Iicrophysiés

o Ground-based retrievals

— Stratus — based on MWR and solar:
transmission

— Cirrus — based on cloud radar and IR
emissIVity.
o Alrcraft data from Citation (U. of North
Dakota)

Atmospheric Radiation Measurement
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Cloud IOP at ARM SGP Site (Case 1: 3/32000)
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Cloud IOP at ARM SGP Site (Case 4: 321/2000)
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Comparison of Surface, GOES and Aircraft Results (~10 hours)
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Fig. 8. Comparizon of three datasets during 10-hour fime period from 4 cases in 30—min temporal resolution.



Distributions of GOES and Surface Retrievals (~36 hﬂurs)
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1T T
-30,0 Azimuth 245,0 Field MTahk 5.0

NOARSETL Fange marks every I Km, 39700 20:53:04
K-Band Radar Yiewport is 21 Km

ARM afa.
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How well dewe'doz

o Surface energy budget — very good
* |_arge scale forcing — fair to good
— Need'to find way around extra sendes
— What about remote sites?
« Atmospheric mean state
— Central point — very good
— Domain average — good (water vapor)

Atmospheric Radiation Measurement



How well dewe'doz

o Aerosol — fair to good (chemistry)
» Cloud macrophysics

— Central point — very good

— Domain average — fair to good

— Advection — poor
» Cloud microphysics — fair

Atmospheric Radiation Measurement



\Where te? | ot

s SGP'site
— Continuous forcing fields
— Domain average water vapor and cloud
— Cloud advection
— |Integrated products
* Remote sites

Atmospheric Radiation Measurement
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o
\\Where 1o?

s EUropean sites
— Cabauw — the Netherlands
— Chilbolten — United Kingdom
— Palaiseau — France
— Lindenberg — Germany?

o Joint Australia / ARM site
— Darwin

Atmospheric Radiation Measurement



Commercial Message

L

ARM data: freely available at www.arm.gov

Post-doc positions available In
data analysis and cloud modeling




Thanks for your attention!



