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Estimation of Eruptive Temperatures Based on the Color Data of Digital Cameras

Isoji Mivacr™ and Yoshinori MAEIMA™ ™

For better estimation of the temperature of red-hot volcanic ejecta from their images taken by online digital cameras
at night, we studied the applicability of a new pyrometer to the images. Our pyrometer applies the theory of black-body
radiation to the color of red-hot object. We examined the color of red-hot volcanic ejecta, a heated basaltic rock with
known temperature, and infra-red LEDs. Because of the sensitivity to infra-red ray, a digital camera Nikon D40 can
visualize hot basalt specimen at temperatures much lower (ca. 370C) than the naked eyes (500~550C). As a side-
effect of this capability, color data of the hot basalt discord from the isothermal color lines calculated from the black-
body radiation and the CIE colorimetric system. Night photographs taken by the online digital camera aimed at the
explosive ash eruptions of Asama volcano (2 a.m. 2 Sep., 2009) indicated that the color of red-hot volcanic ejecta was
disturbed by the influence of infra-red ray in the same manner as observed on the heated basalt specimen in the
laboratory. As a result, the temperature of the volcanic ejecta would be much lower than their appearance in digital
images (e.g., 1000C) but higher than the detection limit (370°C ). Comparison of the color of red-hot volcanic ejecta and
isothermal color lines revealed that some of the volcanic ejecta fell along the 600C isotherm line of the black-body
radiation, which suggests that volcanic cloud reduces the influence of infra-red ray. The estimated temperature (600 )
is consistent with those deduced from petrological observation and thermodynamic computation (600~700T). We
conclude that color analysis of the images of red-hot ejecta taken by online digital cameras are useful in temperature
evaluation when images suffer less influence of infra-red ray.
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Fig. 1. The intensity of black-body radiation as a function
of wavelength.
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Fig. 2. The color of a black-body plotted on the a*-b*
plane of the CIE L*a*b* color space. The color changes
with the temperature of a black-body and the exposure
(W =X+Y+Z) to radiation, where the parameter W is
sum of stimulation indexes for red (X), green (Y), and
blue (Z) colors normalized to that of 6500°K black-
body radiation.
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Table. 1. Lower limits of the temperature of heated basalt photographable or perceptible in darkness.
Name of Devices Temperature | Conditions
Naked Eyes 500-550°C | Looking carefully with 10 eyeballs
Mintron MTV-63V6HN c.a. 360°C | Auto, Ultra high-sensitive mode
Nikon D40 c.a. 370°C | ISO 1600, F2.0, 50.0mm, 10 sec
Nikon D90 c.a. 490°C | ISO 1600, F13, 95.0mm, 20 sec
Canon EOS 5D Mark II c.a. 400°C | ISO 1600, F2.0, 50.0mm, 15 sec
Canon EOS 5D Mark II c.a. 370°C | ISO 25600, F2.0, 50.0mm, 15 sec
Canon EOS Kiss Digital N | c.a. 490°C | ISO 1600, F4.0, 35.0mm, 20 sec
Canon PowerShot SX10 IS | c.a. 500°C | ISO 800, F4.0, 35.6mm, 4 sec
Sony HDR-XR520 c.a. 390°C | Auto, Night mode
Sony HDR-XR520 c.a. 550°C | Auto, Normal mode

Modified after Miyagi and Maejima (2009).
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Fig. 3. The color of a heated basaltic rock, infrared LEDs,

hot volcanic ejecta, and stars plotted on the a*-b* plane.
Isotherm lines are the same as Fig. 2. Small black circle
(2:00_stars): color of stars in the night sky in the photo
taken at 2:00:36 2 Feb 2009 by a webcam (Digital
Single Lens Reflex Camera; DSLR) “Kitakaruizawa
network” technically supported by Maechan-net Ltd.,
(http://bousai.maechan.net/) at Asama volcano. Gray
disc (2:00_red): color of red ejecta in the same photo.
Black circle (2:08 pink vent): color of glowing area
over the vent in the photo taken at 2:08:36 2 Feb 2009
by a “webcam 2” DSLR of Maechan-net Ltd. Large
solid circle (2:08 red snow): color of red reflected
light on snow surface near the vent in the same photo.
Cross (D40 _3807T): color of basalt surface heated at
380C in darkness. Small solid circle (D40 548TC):
color of basalt surface heated at 548C in darkness.
Small triangle (D40 LED): color of infra-red LED
(Toshiba TNL227, peak wave length = 870 nm). Cross
(D90 _843C): color of basalt surface heated at 843°C
in darkness.
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