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Relation between 1m depth temperature and average
geothermal gradient at 75cm depth in geothermal fields
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Department of Earth Resources Engineering, Faculty of Engineering,
Kyushu University
(Received December 18, 2008)

Shallow ground temperatures such as 1m depth temperature have been
measured to delineate thermal anomalies of geothermal fields and also to esti-
mate heat discharge rates from geothermal fields. As a result, a close linear re-
lation between 1m depth temperature and average geothermal gradient at 75cm
depth has been recognized in many geothermal fields and was used to estimate
conductive heat discharge rates. However, such a linear relation may show that
the shallow thermal regime in geothermal fields is not conduction dominated
but convection dominated. If so, estimated heat discharge rates assuming con-
ductive heat transfer should be modified. The shallow geothermal regime in
geothermal fields was reexamined to estimate heat discharge rates more ex-
actly.
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Fig. 1. An example of relation between 1m depth temperature and aver-
age geothermal gradient at 75cm depth (Nigorikawa hot spring,
Hokkaido, Urakami, 1974)
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Fig. 2. Classification of the shallow underground temperature profiles in
geothermal fields. T. shows the boiling point of water. I: Heat is
transferred only by condcuction. Il: Heat is transferred by conduction
and convection. Ill; Heat is transferred only by convection (Ehara
and Okamoto, 1980).
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Fig. 3. Schema for steaming ground by Elder (1964)
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Fig. 4. Examples of shallow underground temperature profiles at differ-
ent sites of a steaming ground in the Showa-shinzan geothermal area
(Ehara and Okamoto, 1980).
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Fig. 5. Geothermal properties based on the steaming ground model by Ehara
and Okamoto (1980). (a): Underground temperature distribution. (b):
Total heat flow @, and the ratio of @y (heat transferred by steam) to @
(conductive heat flow at 75cm depth). (c): Relation between 1m depth tem-
perature and average geothermal gradient at 75cm depth. Dashed line
shows a relation obtained at several hot spring areas in Hokkaido by
Fukutomi (1965).
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Fig. 6. Changes in 1m depth temperature at the central part of Kuju volcano after the
1995 phreatic eruption. The 1m depth temperatures often changed quickly after
the ash eruption or earthquake swarms (Ehara, 2007).
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