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Abstract: The Earth Radiation Budget (ERB) at the top of the atmosphere describes how the Earth
gains energy from the Sun and loses energy to space through the reflection of solar radiation and
the emission of thermal radiation. The ERB is measured from space with dedicated remote sensing
instruments. Its long-term monitoring is of fundamental importance for understanding climate
change. This Special Issue contains contributions focusing on ERB remote sensing instruments for
either (1) the establishment of past and current ERB Climate Data Records (CDRs), (2) insights in
climate change gained from the analysis of ERB CDRs, and 3) the outlook for continued or improved
future ERB monitoring.
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1. Insights in Climate Change from Past and Current Earth Radiation Budget Climate Data Records

The ERB consists of separate terms, for which separate CDRs can be constructed:

• the Incoming Solar Radiation (ISR)—quantified through the Total Solar Irradiance (TSI)
• the Reflected Solar Radiation (RSR)
• the Outgoing Longwave Radiation (OLR)

1.1. Outgoing Longwave Radiation

Ref. [1] discusses CDRs of the OLR, obtained with the dedicated broadband Cloud’s and the
Earth’s Radiant Energy System (CERES) instruments from 2000 to 2018, and with the High-resolution
Infrared Radiation Sounder (HIRS) instruments from 1985 to 2018. During the period of overlap the
Root Mean Square Difference (RMSD) between HIRS and CERES is 0.15 W/m2, giving an indication of
the stability by which the OLR can be monitored.

The primary cause of climate change is the increase of greenhouse gases, characterised by the
greenhouse gas radiative forcing RFGHG. The primary effect of those greenhouse gases is to decrease
the OLR by −RFGHG. As a result the Earth Energy Imbalance (EEI), defined as EEI = ISR-RSR-OLR,
becomes positive and the Earth’s temperature rises. The temperature increase ∆T provokes secondary
changes of the OLR, which in general are assumed to be linearly related to ∆T:

∆OLR = −RFGHG + kLW ∗ ∆T (1)

kLW is the longwave climate feedback parameter. From the available HIRS and CERES OLR CDRs,
kLW can be determined empirically by regressing OLR + RFGHG as a function of ∆T. The determination
of kLW is illustrated in Figure 1. The results are summarised in Table 1.
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Figure 1. Outgoing Longwave Radiation plus greenhouse gas radiative forcing as a function of
the Earth’s temperature increase compared to pre-industrial conditions. Purple crosses: HIRS OLR
measurements for the period 1985–2019. Green line: linear fit to HIRS OLR. Blue stars: CERES OLR
measurements for the period 2001–2019. Orange line: linear fit to CERES OLR.

Table 1. Empirical determination of the longwave climate feedback parameter.

Instrument Period kLW

HIRS 1985–2019 3.93 +/− 0.27 (1 σ) W/m2K
CERES 2001–2019 2.64 +/− 0.24 (1 σ) W/m2K

HIRS provides a longer time series then CERES. CERES can be expected to have a better stability
then HIRS. The CERES based estimate of kLW = 2.64 +/− 0.24 (1 σ) W/m2K is comparable to climate
model based estimates [2], while the HIRS based estimate of kLW = 3.93 +/− 0.27 (1 σ) W/m2K is not.

1.2. Reflected Solar Radiation

Ref. [3] discusses the CDR of the RSR, measured by the CERES instruments from 2000 to 2018.
The 2000–2018 trend of the original CERES Energy Balanced and Filled (EBAF) RSR is −0.64 W/m2dec.
In [3] it is suggested that the CERES RSR measurements are subject to an instrumental drift of
−0.5 %/dec. If this drift is removed, the drift corrected CERES RSR has a 2000–2018 trend of
−0.14 W/m2dec. When it is assumed equally likely that the suggested instrumental drift exists
or not, the uncertainty interval for the 2000–2018 RSR trend is −0.39 +/− 0.25 W/m2dec.

Elements which can explain systematic trends of the RSR are the melting of the Arctic sea ice,
discussed in [3], and also long term changes of the surface albedo, of which an example is discussed
in [4].

1.3. Incoming Solar Radiation

Following [3], the ISR has a 2000–2018 trend of −0.07 W/m2dec. The downward trend is due to
the lower amplitude of the solar activity cycle 24 (extending from 12/2008 to 05/2020) compared to
the preceding solar activity cycle 23 (extending from 08/1996 to 12/2008).

The CERES EBAF ISR is based on the observations from the Total Irradiance Monitor (TIM)
instrument [5] on the Solar radiation and Climate Explorer (SORCE) satellite. Following [6],
the TIM/SORCE ISR has an instrumental drift of 0.09 W/m2dec. Thus the CERES EBAF ISR 2000–2018
trend is 0.02 W/m2dec.
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1.4. Earth Energy Imbalance

Following [3], the 2000–2018 EEI trend is -0.16 W/m2dec.
The CERES EBAF EEI 2000–2018 trend differs from the one found in [3], due to the assumed

CERES RSR and TIM/SORCE ISR instrumental drifts. The 2000-2018 CERES EBAF EEI trend is
0.43 W/m2dec.

When the 2000–2018 EEI trends from CERES EBAF and [3] are assumed equally likely,
the combined uncertainty interval is 0.135 +/− 0.295 W/m2dec. The most likely estimate of the
EEI variations is then the mean of the two estimates, shown as the purple curve in Figure 2. The EEI
has been normalised to a value of 0.9 W/m2 over the period 2005–2014 following [7]—see purple curve
in Figure 2.

An independent estimate of the EEI and its time variation can be obtained from the Ocean Heat
Content Time Derivative (OHCTD). The green curve in Figure 2, obtained following a procedure
similar to [3], shows the EEI estimated from the Ocean Heat Content (OHC) measurements cited in [8].
The corresponding 1975–2012 EEI trend is 0.142 +/− 0.015 W/m2dec.

Figure 2. Comparison of independent estimates of EEI variations. Purple curve: most likely estimate
of EEI from Ceres. Green curve: 9 year running mean EEI derived from OHCTD. Blue line: linear fit to
green curve.

The new results presented in figure 2 can be considered as an update compared to [3]. For CERES,
an increased uncertainty interval is obtained by considering the CERES EBAF and the interpretation
of [3] as equally likely. For the OHCTD, more recent results are used from [8] compared to [9].
While in [3] a trend reversal of de EEI around 2000 was identified, now it appears more likely that over
the entire period from 1975 to 2018, the EEI has increased with a more or less constant trend. The long
term mean EEI trend can be estimated with the lowest uncertainty from the OHCTD as 0.142 +/−
0.015 W/m2dec.

2. Outlook for Continued or Improved Future ERB Monitoring

For extension of the ERB record prior to the CERES period, the Advanced Very High Resolution
Radiometer (AVHRR) is potentially useful. Ref. [10] discusses the reconstruction of the RSR from
AVHRR, and [11] discusses the reconstruction of the OLR from AVHRR.

Ref. [12] presents the Radiometer Assessment using Vertically Aligned Nanotubes (RAVAN)
cubesat—launched in 2016—which provides a low resolution wide field of view ERB measurement.
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Ref. [13] describes the design of an accurate wide field of view ERB radiometer, to be combined with
wide field of view imagers for increasing the resolution.

Ref. [14] presents calculations related to a possible future moon-based ERB observation.

3. Other Contributions

Ref. [15] presents an example of the regional analysis of the ERB.
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