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1. Introduction

Clouds and the Earth’s Radiant Energy System

(CERES, Wielicki et al. 1996) instruments on Terra

are taking measurements of broadband shortwave, long-

wave and window radiances since March 2000. Because

the CERES instruments can be operated under the ro-

tating azimuth mode, they can take radiance measure-

ments over snow covered surface from a wide range of

viewing angles. Angular distribution models (ADM)

for snow and sea ice are developed in order to estimate

top-of-atmosphere broadband shortwave, longwave and

window irradiance using measurements by CERES in-

struments. Because of a large difference of the angular

dependence of radiances, ADM is divided into three

surface types, permanent snow, fresh snow, and sea

ice. ADM scene types are further divided using Moder-

ate Resolution Imaging Spectrometer (MODIS) derived

properties (Minnis et al. 2003). This paper briefly

describes the method of building empirical shortwave,

longwave and window snow angular distribution models

that can derive the irradiance from radiance measure-

ments . More detail descriptions are give in Kato et

al. (2004). An analysis using the irradiance is also

presented in this paper.

2. Shortwave Angular Distribution Model

Footprints that contain snow or sea ice are divided

into three surface types, permanent snow, fresh snow,

and sea ice, using surface types defined by International

Geosphere-Biosphere Programme (IGBP) and National

Snow and Ice Data Center (NSIDC, Cavalieri et al.

1990; Comiso 1990) snow and sea ice maps. Because

anisotropy of shortwave radiation field is affected by

presence of clouds and snow, we use the cloud fraction,

snow fraction, cloud optical thickness and snow and sea

ice brightness to determine angular distribution model

scene types (Table 1).
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Those classification lead to 10 scene types for per-

manent snow, and 25 scene types for fresh snow and sea

ice. To build empirical angular distribution models, we

sort the radiance measured by CERES instruments into

angular bins. The width of the bin is 5 degree for the

viewing zenith angle, 5 degree for the relative azimuth

angle and 5 degree for the solar zenith angle (2 degree

solar zenith angle for the permanent snow model). We

then determine the average radiance Ī and ADM mean

irradiance Fadm of each scene type. These angular dis-

tribution model allow us to estimate the irradiance from

each CERES radiance measurement using

F =
πI

〈R〉
=

I

〈Ī〉
〈Fadm〉, (1)

where I is the instantaneous CERES radiance, R is the

anisotropic factor, and 〈 〉 indicates the value interpo-

lated at the viewing zenith, relative azimuth, and solar

zenith angles of the measurement. Note that Ī and R

is a function of scene type in addition to viewing geom-

etry (viewing zenith angle, relative azimuth angle and

solar zenith angle).

3. Longwave and Window Angular Distri-

bution Model

Similar to shortwave angular distribution models,

longwave models are separated by three surface types.

We use the cloud fraction, surface temperature, the sur-

face temperature and cloud effective temperature differ-

ence to determine the scene type. These classification

lead to 24 scene types for all three surface type angular

distribution models. CERES radiances are sorted into

viewing zenith angler bins of which width is 2 degree.

Therefore, the anisotropic factor of the longwave and

window angular distribution model is only a function

of viewing zenith angle and scene type. Daytime and

nighttime models are built from daytime and nighttime

data, respectively, using the same scene type classifica-

tion.



4. Consistency Check Using CERES Along-

Track Data

As a part of a consistency check of estimated ir-

radiances, we apply the angular distribution models to

CERES along-track data and derive the irradiance from

different viewing zenith angles for the same scene. If we

select a uniform object, the irradiance should be nearly

constant with viewing zenith angle (Loeb et al. 2003).

Figure 1 shows CERES radiances I and the average ra-

diance Ī from angular distribution model used to derive

the irradiance for two selected scenes. Because the irra-

diance is derived by scaling the ADM mean irradiance

by the ratio of the CERES radiance to the average radi-

ance, the derived irradiances are nearly constant with

viewing zenith angle when the shape of Ī as a func-

tion of viewing angle is similar to the observed shape of

I . The variation of the irradiance with viewing angle,

which is caused by variations of surface and cloud prop-

erties and angular distribution model error, is within

10% for the shortwave case and within 3% for the long-

wave case. A study by Kato et al. (2004) suggests that

the bias error in the shortwave irradiance is less than

1% and regional root mean square error is less than 6%.

Table 1: Snow and Sea Ice Shortwave Angular Dis-

tribution Model Scene Types

Cloud Snow and Cloud Snow

Fraction Sea Ice Optical Brightness

Fraction Thickness

Permanent Snow

≤ 0.001 - ≤ 10 Dark

0.01 - 0.25 > 10 Bright

0.25 - 0.50

0.50 - 0.75

0.75 - 0.999

> 0.999

Fresh Snow and Sea Ice

≤ 0.01 ≤ 0.01 ≤ 10 Dark

0.01 - 0.25 0.01 - 0.25 > 10 Bright

0.25 - 0.50 0.25 - 0.50

0.50 - 0.75 0.50 - 0.75

0.75 - 0.999 0.75 - 0.999

> 0.99 > 0.99

5. Net Radiation over Sea Ice

Figure 2 shows the top-of-atmosphere albedo, top-

of-atmosphere upward longwave irradiance (OLR), and

top-of-atmosphere net radiation estimated over sea ice

surfaces as a function of the solar zenith angle and

surface temperature. Both the albedo and OLR is a

strong function of surface temperature. The reason for

the albedo being a function of the solar zenith angle is

shown in Figure 3. The albedo decreases with increas-

ing solar zenith angle because sea ice melts as the solar

zenith angle increases. A part of the reason for a large

sea ice fraction at the surface temperature above 273 K

is that only CERES footprints that contains sea ice (sea

ice fraction is greater than 0) are used for this analysis.

Therefore, 45% sea ice faction at the surface tempera-

ture above 273 K does not mean the 45% of the time sea

ice is present at the surface temperature above freezing.

Figure 3 also shows that the clear fraction decreases and

cloud optical thickness increases with increasing surface

temperature. Net radiation is primarily a function of

the solar zenith angle but the contour is slightly tilted

when the surface temperature is larger than ≈ 273K.

The contour indicates that the when surface tempera-

ture is perturbed to a slightly higher temperature, the

atmospheric and surface properties changes so that the

net radiation is more positive (more energy absorbed by

the earth system) if the surface temperature is above ≈
273K. When the surface temperature is less than 270 K

and the solar zenith angle is greater than 70◦, Figure

2 also indicates that the net radiation decreases if the

surface temperature is perturbed to a slightly higher

temperature.

Table 2: Snow and Sea Ice Longwave and Window

Angular Distribution Model Scene Types

Cloud Surface Cloud Top

Fraction Temperature Surface

Fraction Temperature

Difference

≤ 0.001 < 250 K < 20 K

0.01 - 0.25 ≥ 250 K ≥ 20 K

0.25 - 0.50 (Parm. Snow

0.50 - 0.75 Night

0.75 - 0.999 < 240 K

> 0.999 ≥ 240 K)

6. Summary

Snow and sea ice angular distribution models are

developed to estimate the irradiance from radiance

measurements. Collocation of imager radiances, which

are used for scene identifications, allow us to build

scene type dependent angular distribution models.

Because of these scene type dependent angular dis-

tribution models, the error in the irradiance does not

significantly increases when the radiance is averaged

over a region for for a specific atmospheric or surface

conditions. Therefore, analyses of top-of-atmosphere



radiation as a function of sea ice fraction or cloud

fraction over polar regions can be done with CERES

data set.
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Figure 1 The irradiance derived by a) Permanent

snow and b) sea ice angular distribution models using

along-track data over uniform scenes.
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Figure 2 Top-of-atmosphere albedo, upward long-

wave irradiance, net radiation (positive when energy

is deposited to the earth system), and logarithmic of

the number of samples in each bin. These are esti-

mated from CERES measurements taken over sea ice

surface.
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Figure 3 Sea ice coverage, clear area percentage

(100% - cloud cover), and cloud optical depth over

CERES footprints as a function of solar zenith angle

and surface temperature.


