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The Deep Space Climate Observatory (DSCOVR) 

was launched on February 11, 2015 to a Sun-Earth 
Lagrange-1 (L1) orbit, approximately 1.5 million kil-
ometers from Earth towards the Sun, to provide con-
tinuous solar wind measurements for accurate space 
weather forecasting, and to observe the full, sunlit disk 
of Earth from a new and unique vantage point.  There 
are two Earth science instruments on board, the Earth 
Polychromatic Imaging Camera (EPIC) and the Na-
tional Institute of Standards and Technology Advanced 
Radiometer (NISTAR).  
 

EPIC has 10 narrow band filters from 317.5 nm to 
780 nm that were designed to obtain products similar 
to TOMS (Total Ozone Mapping Spectrometer) and 
MODIS (Moderate Resolution Imaging Spectroradi-
ometer): total ozone O3 amount, scene reflectivity, 
erythemal irradiance, UV aerosol properties, sulfur 
dioxide SO2 for volcanic eruptions, surface spectral 
reflectance, vegetation properties, and cloud product 
including cloud height.  When projected on the 3-
dimensional (3D) Earth, the sampling size is about 8 
km at nadir (near the center of the image).  In order to 
maximize time cadence by reducing transmission time, 
the images of all wavelength channels, except 443 nm, 
have been reduced from 2048 x 2048 to 1024 x 1024 
pixels.  The 443 nm channel has a resolution of 10 km 
for itself and the color images, which has been verified 
by looking at the width of major low latitude rivers in 
Brazil and Egypt. 

 
For the 4 UV channels (317.5, 325, 340, and 388 

nm), and for the 4 visible and NIR channels (443, 552, 
680, and 780 nm) in-flight radiometric calibration is 
accomplished by comparison to the reflectance values 
measured by current well-calibrated Low Earth Orbit 
(LEO) satellites observing scenes that match in time 
and observing angles with those from EPIC [1,2].  Lu-
nar reflectance data are used to help calibrate the two 
wavelength channels sensitive to the Earth’s oxygen 
absorption (oxygen B- and A-bands: 688 and 764 nm) 
relative to their adjacent reference channels 680 and 
780 nm [2].  
 

The Earth-observing geometry of the EPIC instru-
ment is characterized by nearly constant scattering 
angle between 168.5° and 175.5°.  Figure 1 displays 
the Sun Earth View (SEV) angle that is equal to 180o 
minus scattering angle.  It is important to note that the 

distance between DSCOVR and Earth changes approx-
imately by 2000-2500 km per day, or about 0.16% of 
its nominal distance of 1.5x106 km during a six month 
orbital period. 

  

 
Figure 1. Sun Earth Vehicle (SEV) angle (left axis, red 
curve) and the distance between DSCOVR and Earth (right 
axis, blue curve) are plotted versus the day since January 1, 
2015.  Note that SEV = 180o – scattering angle between solar 
and viewing directions. 

 
When MODIS on Terra and Aqua cross the equator 

at 10:30 and 13:30, respectively, DSCOVR/EPIC pro-
vides measurements of the sunlit face of Earth from 
sunrise to sunset.  Figure 2 illustrates the key differ-
ence between the L1 (EPIC) and LEO (MODIS) ob-
servations, where the EPIC’s observation of Africa is 
at 10:56 GMT.  Since Terra crosses equator at 10:30, 
the western part of the left image has a more similar 
cloud structure with EPIC (middle) than their eastern 
parts.  For Aqua crossing the equator at 13:30, the 
eastern part of the right (MODIS) and middle (EPIC) 
images are more alike than their western parts.  

 

	
Figure 2. DSCOVR/EPIC image of Africa (middle) taken on 
March 22, 2016 at 10:56 GMT. Left and right images show 
MODIS Terra and MODIS Aqua 2330 km wide swaths of 
the same area taken on the same day. Terra crosses equator at 
10:30 am local time so that the western swath of the left im-
age (Terra) resembles cloud structure on the left part of the 
EPIC image. Since Aqua crosses equator at 13:30 local time, 
the eastern Aqua swath part of the right (Aqua) and middle 
(EPIC) images are alike. 
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Another earth observing instrument on board 

DISCOVR is NISTAR.  It is designed to measure the 
absolute irradiance reflected and emitted from nearly 
the entire sunlit face of Earth seen from the unique 
vantage of the Earth-Sun L1 point.  An accurate meas-
urement of the total backscattered irradiance provides 
insight into Earth radiation balance and helps quantify 
any changes in the radiation budget over time.  
 

NISTAR consists of four detectors: three active 
cavity radiometers and a photodiode. The three radi-
ometers measure irradiances within three spectral 
bands corresponding to the total channel (0.2 to 100 
µm), the total solar reflected channel (0.2 to 4 µm), and 
the near infrared solar reflected channel (0.7 to 4 µm).  

 
The use of active cavity radiometers for Earth radi-

ation budget analysis is not new, but this measurement 
has always been made from LEO satellites, which 
mostly misses the large backscatter angles.  When 
combined, NISTAR and the LEO data could provide 
irradiance measurements from every angle.  

 
In our presentation, we discuss if EPIC and 

NISTAR-like instruments can be used in Deep Space 
Gateway (DSG).  It is still an open question as to what 
instrument changes are desirable and required for bet-
ter Earth observations from the DSG compared to the 
DSCOVR Earth-Sun L1 location?  

 
Known questions: 

1) How does the frequent presence of the Earth-Sun 
terminator affect retrieval algorithms? 

2) How will instrument stabilization for accurate 
pointing be achieved for high spatial resolution 
imaging? 

3) What downlink bands will be available for high 
speed transmission of frequent measurements 
(e.g., 1 full set of wavelengths every 15 minutes 
from a 2048 x 2048 detector). 

4) What is the best infrared instrument to take ad-
vantage of the 50% availability night observations.  
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