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1) SGP  results

2) TWP  results

3) Comparison with Model calculations

4) Error analysis



DataData
Surface data
Cloud-base and -top heights from ARM lidar/radar measurements,
SW fluxes from Chuck Long’s best estimate flux VAP.

CERES data on TERRA
TOA albedo, effective cloud height, optical depth.

Samples and Time periods:
ARM SGP:
30 deep cumulus clouds from March 2000 to May 2003.

ARM TWP (Nauru:0.52o S, 166.92o E; Manus:2.06o S, 147.43o E)
14 deep cumulus clouds from May 2000 to Sept. 2002.

NO AUQA data, and NO TWP surface data in 2003.



Averaging/calculating methodsAveraging/calculating methods

Surface data were averaged over a 1-hour period
centered at the time of the Terra overpass

CERES cloud and radiation properties were
averaged in a 1o x 1o box centered on the ARM
surface sites.

 Acol=1-RTOA-Tsfc



SGP ResultsSGP Results



Radiation budgets from observationsRadiation budgets from observations



Comparison between observationsComparison between observations
and model calculationsand model calculations

Model calculated RTOA is 7% higher and Acol is 7% lower than data



Cloud top

Cloud base

Model calculations
Plane parallel

Observations with photons 
Leak at the sides of Cu 

100 photons

10 photons

70 photons

Acol=20 photons

65 phontos

10 photons

Acol=25 photons
Including 
5 photons leak

When Cu height=10 km, size=100 km, the side leaking is ~5%



What are quantitative relationshipsWhat are quantitative relationships
between Rbetween RTOA, , TTsfcsfc, and , and AAcolcol with  with ττ ? ?



Relationship between RRelationship between RTOA and  and TTsfcsfc

When ΔTsfc increases 0.1, ΔRTOA decreases 0.0435 

In Cess et al. (1996) paper, 
It is atmospheric transmittance
Slope= - 0.637



TWP resultsTWP results



TWP ResultsTWP Results

Why they are so small ?



Why cloud absorptions in theWhy cloud absorptions in the
cases 5 and 6 are so small?cases 5 and 6 are so small?



Cases 5 and 6 MODIS imagesCases 5 and 6 MODIS images



Comparison between observations andComparison between observations and
FU/FU/LiouLiou calculations calculations

 Fu/Liou_26 represents r Fu/Liou_26 represents re=20, D=20, De=60 =60 µµmm
 Fu/Liou_13 represents r Fu/Liou_13 represents re=10, D=10, De=30 =30 µµmm



TWP resultsTWP results

Their relationships are very similar to their counterparts at SGP



TWP ResultsTWP Results

When ΔTsfc increases 0.1, ΔRTOA decreases 0.0201 



Error analysisError analysis

1)Water vapor below cloud base and above cloud
top

2) Surface albedo impact

3) Precipitation:

Most of cases at SGP without precipitation, but it
is opposite at TWP sites.



Water vapor profiles fromWater vapor profiles from
soundingssoundings

Almost NO water vapor above cloud top, and cloud base is close to ground



Surface Surface albedoalbedo impact impact

When ΔRsfc increases 20%, ΔTsfc increases 2.7%



ConclusionsConclusions
 1) Deep cumulus clouds are selected at the ARM SGP and TWP

sites with averaged cloud-base height ~1 km, top height ~ 10
km.

2) Their averaged TOA albedo is ~0.6,  most are 0.5   0.7
               Surface transmission  is ~0.17, most are 0.05 0.3
          Atmospheric absorption  is ~0.23, most are 0.1  0.3

4) The negative correlation between TOA albedo and surface
     transmission is stronger at SGP than at TWP

5) Error analysis shows:
 Water vapor contributes little to SW absorption in this study
 Surface albedo impact is almost negligible in this study

3) At SGP, Model RTOA is 7% higher, Acol is 7% lower than data 
    At TWP, Model RTOA is 7% higher, Acol is  3% lower than data



Table 1: Clear-sky Measured and Modeled values of 
Absorptance (Abt) and Absorption (Abs) [ARESE II]

1320.1281050.121SBDART cont.

1350.1311080.124SBDART mineral

1260.123990.114RAPRAD cont.

1290.1251010.116RAPRAD mineral

1230.121880.103CM21 tower

1330.131960.111CM22 aircraft

1390.1371060.123CM22 tower

1310.1271050.121TSBR aircraft

1360.1321160.134TSBR tower

20, 2000

Abs(Wm-2)

     March
Abt

2000

Abs(Wm-2)

  Feb. 27,

    Abt

Ackerman et al. 2003, JGR



2070.1972070.2021790.187SBDART

2070.1972090.2031740.182RAPRAD

1940.1912030.2001660.178CM21 tower

2370.2312160.2121720.184CM22 aircraft

2200.2142110.2081670.178CM22 tower

2380.2302110.2072000.211TSBR aircraft

2250.2172110.2061950.205TSBR tower

29

  Abs

March

    Abt
21

  Abs

 March

   Abt
03

   Abs

March

   Abt

Table 3: Cloudy-sky measured and modeled values of Absorptance
               (Abt) and Absorption (Abs) [ARESE II]

Ackerman et al. 2003, JGR



Thanks for your attention!

This is our future work!



SGP                  TWPSGP                  TWP
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SGP

TWP



Relationship between RRelationship between RTOA and and
TTsfcsfc

When ΔTsfc increases 0.1,
ΔRTOA decreases 0.0435

When ΔTsfc increases 0.1,
ΔRTOA decreases 0.0201



Monte Carlo SimulationsMonte Carlo Simulations
Given values: Tau=64, Cloud thickness=10 km,
     Solar zenith angle=5o, run Monte Carlo simulations at

wavelength=0.67 µm

Results:

When Cu size is 10 km, the side photon leaking is ~25%

When Cu size is 100 km, the side photon leaking is
estimated around 5%.


