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ABSTRACT
On 5 October 1984, the United States’ first woman in space, Dr. Sally Ride, inserted the Earth Radiation Budget Sat-
ellite (ERBS) into a 57 degree inclined orbit using the shuttles remote manipulator arm. The orbital precession period
of the satellite was 72 days. The nonscanner instrument aboard the ERBS has acquired earth-emitted and reflected
radiant flux data since that time, having exceeded its designed lifetime of three years by a factor of five. During these
15 years, the ERBS nonscanner has become a de-facto standard to which much remotely sensed radiative flux data is
compared. This paper compares the (at present) fifteen year history of the ERBS wide and medium field-of-view non-
scanner detectors with the solar irradiance data acquired by the co-located ERBS solar monitor and with the National
Climatic Data Center's (NCDC's) earth-surface temperature dataset for the same period.

1. INTRODUCTION
For a period of 15 years, since October 1984, the Earth Radiation Budget Satellite (ERBS) nonscanning active cavity
radiometers have measured solar broadband earth-reflected shortwave (0.2 to 5.0 micrometers) and total earth-emit-
ted radiant flux (0.2 to 50 micrometers.) The radiometers were calibrated absolutely on the International Practical
Temperature Scale of 1968 [IPTS-68]. The ERBS irradiance measurements are being studied to detect long-term
changes in the earth’s energy budget and climate temperature changes as indicated by variations in infrared, out-going

longwave radiation (OLR). Bush etahave previously discussed the ERBS 13-year dataset (1984-1997.) In this
paper we examine the archived 1985-1999, satellite altitude, ERBS wide-field-of-view (WFOV) and medium field-of-
view (MFOV) nonscanner active cavity radiometer measurements of the earth and the archived ERBS solar monitor
measurements of the solar irradiance as well as the National Climatic Data Center's (NCDC) Monthly Absolute Esti-

mates of Global (land and ocean combined) Temperatureliniéeen years after its launch, the ERBS nonscan-
ning instrument continues to acquire and transmit data on the earth’s radiation budget. During this decade-and-a-half,

the ERBE measurements have become a recognized standard for measurements of the aftfsraLBflected
shortwave measurements. The ERBS nonscanner data are currently being actively processed, and the measurements
are being analyzed and validated at NASA's Langley Research Center (LaRC.)

2. CALIBRATION PROCEDURES
The ERBS active cavity radiometers were calibrated using blackbody radiant fluxes which were modeled using the
optical and geometric properties of reference blackbody emitting surfaces and the temperatures measured by IPTS-68

1. http://www.ncdc.noaa.gov/ol/climate/research/1998/anomalies/global_meanT_C.all
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platinum resistance thermometers embedded in the blackbodies. In ground vacuum facilities at the manufacturers
plant, the radiometers were calibrated on the IPTS-68 temperature-based radiometric scale (using observations of the
standard blackbody radiances.) Then the radiometers were used to calibrate the on-orbit standards, consisting of
blackbody and tungsten lamp sources built into the radiometer instrumentation. During the on-orbit phases of the
ERBS spacecraft mission, the stabilities of the radiometers’ responses were assessed from periodic measurements of
reference radiances from the flight standards, as well as from direct solar calibrations.

3. SOLAR EXPOSURE OF THE SHORTWAVE FILTER DOME
During the bi-weekly solar calibrations, the WFOV & MFOV shortwave detector filter domes are exposed to direct
solar irradiance. The field-of-view angle (axis to limiter) of the ERBS WFOV sensor is 68 déggeés. (

Sensor 6, 6, r h ry Rs
Description (Deg) (Deg) (In) (In) (In) (In)
ERBS 68 71.4 0.125 0.500 1.362 1.451
WFQOV
ERBS 37 44.2 0.125 1.135 0.980 1.500
MFOV (1.308)*
Solar Port 4.1 8.8 0.125 3.022 0.343 --
WFOV
Solar Port 3.3 6.97 0.125 3.831 0.343 --
MFOV
KEY:
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Figure 1. ERBS Nonscanner Specifications & Key

At ERBS altitude, the radius of the earth disk is less than 66°; therefore, there exists a more than 2 degree annular ring
of space surrounding the earth disk. Under numerous orbital conditions, the sun is present in this ring, and therefore
the WFOV nonscanner sensors are exposed to full solar irradiance when this occurs (these events will later be

referred to as “sunblip@) Early in the lifetime of the ERBS nonscanner, it became obvious that severe degradation
of the WFQV shortwave (SW) channel measurements was occurring. Similar degradation had been noticed in the

Nimbus-7 data by Kyle et 3IFor the first two-and-a-half years, this ERBS shortwave degradation appeared to be a
simple exponential decay effect, but continued observations (Fig. 2) showed it to be much more complex. After the
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initial decline, the degradation was flat for about 6 months, then it appeared to “recover” for a month or so, then it
again resumed its degradation; but at a slower rate than for the first two and a half years. Degradation of the optics

aboard the Earth Radiation Budget (ERB) Nimbus 6 & 7 platforms was previously discussed by K%J@mdlmore
et af; and later, Lee et ‘Atiscussed the degradation of the ERBE shortwave Suprasil W1 quartz filters.
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Figure 2. 15-years of ERBS Nonscanner Irradiance Measurements during Solar Calibration Periods

While there was also some degradation in the MFOV shortwave measurements due to the exposure of the filters dur-
ing bi-weekly solar calibration measurements, this was much less than the WFOV degradation. This is true because
the WFQV sensor is subject to much greater radiant exposure when the sun is present in the annular ring of space sur-
rounding the earth disk. When ERBS/Sun orbital conditions are at their worst, “sun-blips” may occur as many as 30
times a day (sunrise and sunset for 15 orbits/day.) The MFQOV detector is not subject to any direct solar observations
during normal earth-viewing operations because it’s field-of-view is orilyl&ilter is therefore never exposed

directly to the sun, and hence its degradation is very much less than the WFOV detector.

The ERBS solar calibration sequence, along with the ERBS internal calibration sequence, was performed on a bi-
weekly basis during which the ERBS solar monitor detectors measured the incident solar flux. We used the ratio of
the SW sensor measurements on the initial solar calibration day to the linearly interpolated value determined by the
sensor on the two solar calibration days immediately surrounding the observation day, as a multiplier for the SW
counts to linearly compensate for the degradation of the SW filters; thereby effectively adjusting the gain terms for

the shortwave measurements to correct for degradation in the transmissivity of the SW.fitdersefer to these
ratios as “degradation coefficients.”

4. TOTAL, SHORTWAVE, AND DERIVED LONGWAVE MEASUREMENTS
In this paper we chose to limit ourselves to a discussion of longwave (5.0 to 50.0 micrometers) and shortwave (0.2 to
5.0 micrometers) daytime radiant fluxes at a satellite altitude of 611 kilometers. We defined the longwave radiant flux
as the difference between the total channel and the shortwave channel measurements. The “true” anomalies for all of
the measurements used in this paper are calculated as the difference between the 15-year mean value of the measure-
ments and each individual measurement in the dataset; the difference is then divided by the maximum difference
value contained in the dataset. This definition produces “normalized,” dimensionless values (maximum range of
+1.0,) which allow the intercomparison of trends of the separate datasets without regard to their units of measure-
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ment. We further restricted ourselves to the daytime measurements (because there is no shortwave flux contribution at
night) taken when the solar zenith angle (SZA) was less than, or equdl (Dg 9@he daytime measurements.) The

ERBS data represent monthly averages of the individual daily averages of all ERBS nadir-viewing measurements.
Tabulating the raw data for all four parameters in terms of mean, maximum, minimum, and range about the mean, we
obtained the numbers shown in Table 1.

Table 1: ERBS Nonscanner Daytime Flux & Surface Temperature Statistics (1985-1999)

Parameter Mean Max Min Range from
Mean
WEOV LW (W/n?) 202.97 215.34 191.99 +12.37 to
-10.98
MEOV LW (w/rr?) 105.42 112.95 96.77 +7.54 to
-8.65
Surface Temp. (degd) 14.20 16.49 12.1 +2.29 to
-2.11
-1.27

We would like to call attention here to the somewhat complicated spatial geometry involved in the analysis (or visual-
ization) of the ERBS averaged radiant flux data. All of the seasonal references in the following discussion are based
on the Northern Hemisphere. At summer solstice the sun is directly over the Tropic of Canébl)(28&oth the

vernal and autumnal equinoxes the sun is directly over the equator; and at winter solstice the sun is directly over the
Tropic of Capricorn (23.5°S). Therefore, in the summer months, darkness prevails over much of the earth from the
Antarctic Circle (66.5°S) to the South Pole. In winter, darkness prevails over much of the region from the Arctic Cir-
cle (66.5°N) to the North Pole. Therefore, in the summer ERBS sees less daylight at its southernmost orbital excur-
sion (57°S) but sees more daylight at its northernmost excursidd)(3Zonversely in winter, ERBS will sees less
daylight at 57°N but sees more daylight at®7At the equinoxes, the earth is evenly illuminated from pole to pole.

Fig. 3shows a 2-dimensional graphic version of this description. For the consideration of averages, as we are doing in
this paper, one must also bear in mind that the Northern Hemisphere is predominantly filled with land masses as
opposed to the Southern Hemisphere which is mostly oceanic; land masses warm and cool more quickly than oceans;
and land masses tend to sustain snow and ice in the winter months. The ERBS WFOV detector sees about 4% of the
earth’s surface at all times, while the MFOV detector only sees about 0.1%. Consequently, the ERBS MFOV detector
does not see the polar areas of either hemisphere at any time of the year. The ERBS WFQOV detectors only see into the
polar areas when its orbital excursions are in excess of abbbt@2S. The total percentages of the earth’s surface
which the WFOV and MFOV instruments can observe (at the equinoxes, without accounting for polar oscillation) are
98.85% and 87.6% respectively. These ideas will be applied later (in section 5) when we discuss the analysis of the
trends of ERBS radiometric fluxes over the 15-year period.
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Figure 3. Solar lllumination of the Earth

5. RESULTS AND DISCUSSION
The ERBS derived OLR for the WFOV and MFOV measurements were determined as the difference between the
total and the shortwave measurements. The solar monitor channel measurements were acquired along with the mea-
surements of the solar irradiances by the four ERBS nonscanner sensors, during the bi-weekly calibrations. We com-
pare the ERBS solar monitor (irradiance) measurements to the NCDC global average surface temperatufigidata in
4. The 11-year solar cycle is evident in the irradiance data, and there appears to be evidence of the Mt. Pinatubo

Raw Anomaly [Degress of Wallsnr2)
True Linearized Anomaly

Figure 4. ERBS Solar Irradiance and Surface Temperature Anomalies
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eruption®13in 1991 in the surface temperature data. The linearized trends for both are positive over the interval;
however we should also note that computation of the linear trend over the 15-year interval causes some aliasing of the
11-year solar cycle into the trend! An additional note here is that the ERBS nonscanner was “stowed” (turned off) on
1 August 1993 to investigate an anomalous battery condition. On 30 November 1993, when the problem was some-
what better understood, the ERBS was again re-activated in it's normal “nadir-viewing” mode, and data acquisition
continued. The lack of data for this four month period is the reason for the conspicuous gaps in the accompanying fig-

ures.

In Fig. 5, we compare the WFOV and MFOV LW anomaly measurements over the period. Once again, the trend is
positive for both. The surface temperature anomaly is also plotted for the comparison of orbital effects. The effects of
the 1991 Mt. Pinatubo eruption can be seen in the data for 1992 and 1993. Notice that the surface temperature corre-
lates positively with the WFOV and MFOV LW flux anomalies.Rig. 6, we show the WFOV and MFOV SW data.
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Figure 5. ERBS WFOV & MFOV LW Anomalies
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Figure 6. ERBS WFOV & MFOV SW Anomalies
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In these cases, the trend is negative (and parallel.) The presence of an atmospheric disturbance prior to 1992 can be
seen in this data as well. Notice that the surface temperature correlates negatively, rather than positively, with the
WFOV and MFOV SW data. This is at least partly due to the fact that we have defined the LW flux as the difference
between the total and SW components. The fact that the linearized anomalies are parallel makes us confident that we
have properly corrected the WFOV SW flux for solar degradation of the SW filter dome.

In Figures 7 & 8, we display all raw and true anomalies (total, derived LW, and SW) for the WFOV & MFOV detec-
tors, respectively. We have done this to illustrate the relationships between the three spectral ranges covered by each
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Figure 7. All ERBS WFOV Raw and Linearized Anomalies.
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Figure 8. All ERBS MFOV Raw and Linearized Anomalies.
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detector. There are approximately 5400 ERBS records per day. Each of the nonscanner detectors were sampled 20
times in each record, yielding a total of 108000 nonscanner samples per channel per day. Using only daytime mea-
surements halves that to 54,000 samples per channel per day. Therefore, over the course of 15 years, the curve for
each channel, and each number in Table 1 above, represents the average of approximately 296 million samples

The anomaly plots (Figs. 4-6) are all in very good agreement, showing almost identical annual cyclic variations; and
additionally displaying a slight but noticeable increase in the values for longwave flux, surface temperature, and solar
irradiance over the 15-year period. While almost flat, the shortwave flux decreased very slightly over the same period.
The frequency of the WFOV and MFOV sensor anomalies and the NCDC surface temperature anomaly agreed very
well. The correlation of the surface temperature with the LW radiance anomaly was positive, while the correlation of
the temperature with the SW anomaly was negative. The data shows that the LW flux peaks during summer in the
northern hemisphere; and the SW peaks during winter in the northern hemisphere We interpret the increase of LW
during the northern hemisphere summer as being due to the solar heating of (and the associated emission from) the
much larger land masses in the northern hemisphere; and we attribute the increase of SW during northern hemisphere
winter as being due to the high snow cover albedo over the larger land masses during the winter. The linear fits of all
of the anomalies over the 15-year period verifies that there are slight increases in the WFQV total flux and the WFOV
& MFOV LW fluxes, a slight decrease in the WFOV & MFOV shortwave fluxes, and the MFOV total flux. In Figures
6&7, where all WFOV & MFOV anomalies are shown, we are puzzled by the fact that the MFOV total flux decreases
while the WFQV total increases, but the fact remains that the LW flux for both WFOV and MFOV sensors increases.
The MFOV LW flux increases because the SW flux decreases faster than the total flux, even though the total flux is
decreasing. A separate regressieig.(9) of the WFOV & MFOV LW nighttime (i.e., the Total channel measure-

ments) data confirmed that the nighttime flux also increased over the 15-year period, thus eliminating the possibility
that daytime gains would be diminished by nighttime losses. We note here that the MFOV LW nighttime flux was
essentially “flat” over the period and that the true linearized aomaly for the WFOV LW is essentially parallel to that

for the surface temperature.
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Figure 9. WFOV & MFOV LW Nighttime Fluxes

An obvious question which arises is: “Is the increase in incident solar energy over the period solely responsible for
the increase of the OLR?” For the recorded minimum surface temperature of 12.1 degrees Celsius (1985), the equiva-

lent blackbody flux would be 373.66 winand for the maximum surface temperature of 16.49 degrees Celsius
(1998), the flux would be 399.04 wirtassuming an emissivity of 1.0 for the earth’s surface.) The range of 25.36 w/
m? compares fairly well with the 23.35 wfmange determined from the WFOV channel. The ratio (MFOV/WFOV)
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of the means of the LW measurements is 0.52. This ratio when multiplied by the WFQOV range of 2§.§3‘@Iw1~m

12.08 w/nf, which is about 4 w/rfiless than the 16.18 Wﬁmange measured by the MFOV sensor. We note here that

an emissivity of 0.9 was used for the ERBS nonscanner blackbodies. The total range of the solar constant over the 15-
year period was only 2.95 whmbut because of the involvement of three orbiting bodies (earth vs. sun, ERBE vs. sun,
and ERBE vs. earth), as well as the discussion of the solar illumination of the distinctly variable earth surface
throughout the year in section 4 above, we did not attempt to correlate the range in solar output with the ranges of the
flux and surface temperature measurements indicated by the other three variables.

6. CONCLUSION
Using the 15-year (1985-1999) WFQOV LW flux as the basis, we calculated a mean flux level of 202.97 vatte'm

linearized anomaly for this dataset indicates a rand8®69 watts/nf to 206.12 watts/fm(Fig. 10). Using the inte-
grated Planck function blackbody equivalents we obtained temperatures of 243.638 and “Z215&sskectively.
The averaged rate of increase was therefore the equivalent Gf0pE3 year, or 13C per century, but this would
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Figure 10. ERBS WFOV LW Flux with Linear Fit

only be true if the 15-year trend continued throughout the next century. We do not have sufficient data to indicate that
the trend will continue. Therefore, we neither hypothesize, nor suggest, that this dataset demonstrates a long-term
“global-warming” trend. However, we have demonstrated that the data shows a significant warming trend over the 15-
year period during which these ERBS nonscanner measurements were acquired.

7. ADDENDUM

To date the ERBS nonscanner radiometers continue to acquire good earth fluxes while the solar monitor continues to
provide the longest continuous spacecraft dataset of total solar irradiance measurements. Since 6 October 1999 the
nonscanner radiometers have not been calibrated because they cannot be commanded to either the solar views or the
internal blackbody/tungsten lamp calibration position. The nonscanner elevation mechanism failed in the nadir posi-
tion where the radiometer can continue to measure the earth-reflected SW fluxes and the earth-emitted LW fluxes. We
performed a comprehensive analysis of the data on each side of 6 October 1999 which indicates that the nonscanner
sensors are located within 0.5 degree of the nadir position. Therefore, we are continuing to process the ERBS data,
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and are validating the results. We believe that the continued analysis and validation of data acquired by the ERBS
nonscanner will provide valuable, additional, long-term historical record of ERB data. The ERBS dataset combined
with the previously acquired ERB/Nimbus-6/Nimbus-7 dataset (which dates back to 1975) constitutes a continuous
25-year history of the earth’s radiative flux, against which many other atmospheric research measurements are regu-

larly compare@®9:10.11,12,13
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