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An empirical relationship between ground-surface temperature and heat-discharge rate
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Abstract

In order to develop a simple method for the reliable measurement of total heat-discharge rate, we carried out field experiments at

the Owakudani geothermal field of Hakone volcano, Japan. We used the Ice Box Calorimetry (IBC) method to directly measure the

heat-discharge rate at each measurement site. This method measures the combined conductive and convective heat-discharge rate,

Q (W/m?), at the ground surface, on the basis of the time required to melt ice housed within an aluminum box placed on the ground.

Simultaneously, we used an IR thermometer to measure the ground-surface temperature, T (°C), at each site. Our observations

revealed the relationship between Q and T. The value of Q increases almost linearly with ground surface temperature anomaly

AT: O = C AT where C is a constant calculated to be 84 (W/m’/°C ) using the least squares method. We consider that this empirical

relationship can be used to obtain accurate estimates of the total heat-discharge rate from steaming ground. To assess the reliability

of the linear relation and determine appropriate values of C, it would be necessary to conduct additional accurate, simultaneous

observations of Q and T at numerous volcano sites under various meteorological conditions.
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Table 1 Results of measured and computed parameters. T is ground surface temperature, t is the time that it is necessary to

2,

melt m of ice. M, M_ and Q are computed using the equation (1), (2) and (3). No.4 and No.5 indicate the data obtained at an

area located outside of the steaming ground.

T t m M, M Q

No. 1

I 30 1,526 46 593 932 340

I 36 1,569 62 593 1222 629

I 395 1,604 66 593 1273 680
V.31 163357 _ 593 1079 487 _
No. 2

I 36 1,534 65 666 1310 644

I 36 1,590 62 666 1206 539

I 35 1,624 66 666 1257 590
IV 34 165265 666 1217 550

No. 3

I 55 922 95 1013 3187 2173
_O 585997 _85__ 1013 2637 1623

No. 4

I 18 2,103 44 379 647 269

I 18 2,101 45 379 662 284

il 18 2,182 42 379 595 217
IV 18 2,255 40 379 549 170
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T, t m M, M

No. 5

I 18 1707 33 429 598
I 18 1760 34 429 597
i 18 1793 34 429 586
V. 18 1831 _36__ 429 608 _
No. 6

I 35 1198 58 265 1497
I 35 1132 49 265 1339
i 92 1066 55 265 1596
V.35 1011_43__ 265 _1315
No. 7

I 33 880 65 736 2284
I 40 923 76 736 2546
1 46 963 93 736 2987
V.41 1007 71 736 2180
No. 8

I 25 1362 32 553 727
I 24 1427 41 553 889
Il 22 1452 44 553 937
\Y 25 1450 42 553 896
\Y% 26 1581 52 553 1017
VI 29 1631 60 553 1138
VI 27 1612 50 553 959
VI 26 1595 56 553 1086
IX 30 1646 60 553 1127
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Fig.1 Spatial distribution of IBC (Ice Box Calorimetry)
measurement sites (open circle and square). Closed
circles (Loc.1, 2 and 3) indicate locations of volcanic gas
and ground temperature observation sites (after Tanada
et al., 2008). The topographic map is from web site of

Geological Survey Institute.
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Fig.3. Plot of heat—discharge rate Q (W/m?) versus ground-surface temperature T (°
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fit line obtained using the least squares method, taking into account data collected within the geothermal field. The dotted

line in fig.3 (a) indicates the best—fit line for data of No.1 and No.2. Open circles (No.4 and No.5) indicate the data obtained

at an area located outside of the steaming ground. The horizontal solid lines indicate the air temperature at the time when

the observations on the geothermal field were carried out. Data are obtained at (a) Loc. 2 (Fig. 1) and (b) neighborhood of

Loc.1 (Fig.1).
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