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Introduction Quantifying global cloudiness is critical to 
understanding Earth’s radiation budget and validating climate 
model feedbacks. 

We present a 37-year record of cloudiness from the NOAA 
/NASA UV (331-380nm) sensing satellite instruments.

The backbone of our record is the suite of Solar Backscatter in 
the UV (SBUV) instruments:

Nimbus-7, NOAA-9, 11,  14,  16,  17, 18  and 19.  (Nadir only)

When available we include measurements from the Nimbus-7 
TOMS, Earth Probe (EP) TOMS and the Ozone Mapper 
Profiler Suite (OMPS-Mapper)  (Scanning – off Nadir)



FDown = TOA Downward Flux

FUp
cloud = Hemispherically integrated Upward Flux from clouds

FUp
ocean = Hemispherically integrated Upward Flux from ocean surface

Iobs = Intensity observed by satellite instrument        

Hemispheric Cloud Albedo = Fup

FDown
*100
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Interpolate HCA from 
Look-up Tables using 

satellite geometry

VLIDORT HCA Look-up tables
C-1 cloud model

Cox Munk BRDF over ocean
Lamberitain surface over Land

GMAO assimilation wind speed
Chlorophyll Climatology

Level-2 Intensities
SBUV, Nimbus-7 TOMS, EP 

TOMS and OMPS.

Collect Monthly HCA
values over 15o wide

latitude bands



Nimbus-7 TOMS EP-TOMS
OMPS Mapper
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Nimbus-7 TOMS EP-TOMS OMPS Mapper

MAPPER

a

b

c

d

Ocean
H

C
A

30o S  to  30o N                                      Average�

30o S  to  30o N                                      90th%ile   

30o S  to  30o N                                    Glint Angle     

D
eg

re
es

H
em

is
ph

er
ic

 C
lo

ud
 A

lb
ed

o 
(H

C
A)



NOAA/NESDIS 
SST (C) Anomaly Jan 2016
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Multivariate ENSO
ENSO Index > +1
ENSO Index < -1
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Yang, Y., et al. (2016), 
Impacts of ENSO events on 
cloud radiative effects in 
preindustrial conditions: 
Changes in cloud fraction 
and their dependence on 
interactive aerosol emissions 
and concentrations, J. 
Geophys. Res. Atmos., 121, 

6321–6335

Local CREsw Community Earth System Model vs NINO 3.4 Index



Monthly Anomalies

SW Cloud albedo forcing Ocean 30oN – 30oS  
Our UV proxy
CERES (r=0.73)

Comparison with CERES SW



CERES SW cloud forcing (scaled to UV) 2013-07

UV Hemispheric Cloud Albedo  July 2013
SBUV  (150km FOV)



CERES SW cloud forcing (scaled to UV) 2013-07

UV Hemispheric Cloud Albedo  July 2013
SBUV  (150km FOV)

OMPS HCA off-nadir scans

OMPS HCA nadir only
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Ocean SW Cloud albedo forcing 30oN – 30oS  
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Calibration
1. East Antarctic Plateau

2. Cloud and Aerosol free Ocean scenes
• One percentile values of collection of monthly pixels over 15 degree latitude bands.
• Pacific Ocean only  



VLIDORT simulation
Lambertian Surface 

Albedo = 0.95

Four term 
Polynomial fit
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OMPS MapperNimbus-7 TOMS
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2σ fractional uncertainty 
In Intensity

2σ fractional uncertainty 
In Intensity (SBUV only)
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Calibration of early SBUV instruments over Ocean

Each point is derived from statistics from one month of 
observations over 15 latitude band



Early SBUV All SBUV

NOAA-9

Nimbus-7

2σ HCA uncertainty 

Calibration of SBUV and Mapper instruments over Ocean

2σ HCA  = 0.54  ->  0.0052 ∆ I frac



Conclusions
The newly-calibrated UV 340nm radiances, produce a long-term UV cloud record since 
1980, which allows a study of cloud shortwave radiative responses to ENSO and 
volcanic forcings. Major events from five ENSO perturbations and two volcanic 
eruptions are covered by our UV HCA measurements.

Positive ENSO events tend to increase cloudiness in the eastern Pacific but there is an 
equally compensating decrease cloudiness in the western Pacific.

Volcanic eruptions enhance global tropical cloudiness. 

The global mean surface temperature has increased by ~0.75 C since 1980. The cloud 
response over the tropical Pacific at the start of the record (1983 event) is similar to 
that at the end (2016 event) despite the warmer background state. 

Our observed reductions in SW TOA forcings during the early record volcanic events 
can validate climate model simulations of these volcanic events. Likewise, our 
observed spatial cloud response to the 5 ENSO events since 1980 can validate ENSO 
simulations in climate models.



frac ocean =  fractional area of cloud-free part of FOV
= 1 - frac cloud

frac cloud
frac ocean

FUp =  (Fup
cloud *frac cloud +  Fup

ocean *fracocean )     Eq. 2
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frac cloud =   fractional area of cloudy part of FOV
=  (Iobs  - Iocean)    /    (ICOD=10 - Iocean)      Eq.1 
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