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Seasonal Change of Heat Budget in Ikoma Mountain Forest
Estimated from Satellite-derived Data
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Abstract

The seasonal and spatial changes in heat budget terms in the forest in Mt. Ikoma area, located
at the boundary of Osaka and Nara Prefectures, were estimated using LANDSAT/TM data,
sensed in April, June, August and December. Sensible and latent heat fluxes were calculated
using the bulk transfer equation for heat and for moisture, respectively. In the bulk equation for
sensible heat transfer at each pixel, surface temperature (from TM band 6), air temperature
(interpolated according to elevation) and wind speed (interpolated distribution using a variational
method with consideration of complexity of the terrain) were used as variables. In the bulk
equation for latent heat transfer, the moisture availability, wind speed, specific humidity of the
air and saturation specific humidity at the surface temperature were used. The bulk transfer
coefficient was corrected for diabatic conditions for each pixel. The moisture availability for
each day was calculated, considering the normalized difference vegetation index (NDVI).

The distribution pattern of estimated sensible heat flux showed a strong contrast between
the east and west sides of the ridge line. This contrast became stronger under strong wind con-
ditions. In summer, the value of sensible heat flux was estimated as 160 W m~2 under a calm
condition, while it exceeded 200 W m2 in the case with more than 3 m s! of mean wind speed.
The estimations of latent heat flux fell within the range of 350 (summer)— 100 W m=2 (winter).
The moisture availability varied in the range of 0.15—0.53, according to wind speed and humidi-
ty. It was clear from this analysis that accurate interpolations of meteorological variables such
as wind speed and air temperature distributions are important for deducing each heat flux, even
with satellite-derived data.
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Fig. 1. Scene of LANDSAT TM used in estimations of heat budget
terms of Ikoma mountain.
TM image used in this study. Black color area indicates the forest
determined by the result of ground cover classification using maxi-
mum likelihood classifier.

Rectangular shows the coverage of
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Table 1

(surface parameters)

Variables and parameters used in estimations of heat fluxes on each day.

reference height; z 215§ m
mean height of trees; A 11.5 m

zero plane displacement; dg 9.2 m
roughness length for wind; zq 1.01m
roughness length for temperature; zy 0.08m
(meteorological variables)

dates Aug.6,1990 Jun. 19,1990 Apr. 16,1990 Dec.6, 1988
mean surface albedo; A 0.102 0.113 0.103 0.078
downward short wave radiation; Rg,  684.7 690.3 605.6 354.2 Wm?32
diffused short wave radiation; Ry 218.5 219.9 213.7 196.8 Wm™2
air pressure; P 994.7 1009 1003.9 1016.9 hPa
specific humidity; g, 16.35 13.45 6.14 3.60gkg™!
wind speed*; U Ll 25 1.0 4.8 ms!

*: mean values interpolated through MATHEW model over forest area.
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Fig. 2. Wind fields interpolated using MATHEW
model at 0950 JST on Jun. 19 and Apr. 16,
1990. The intervals of grid points are 2290m in
E-W and 1840m in N-S arrays.
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Table 2 Mean values of estimations of heat budget terms and
moisture availability £ on each day.

BT DEZE (R,—G) — (H+ AE)Ek®, dates Rq G (Rn—G) H E 8
COBEAMD, (H+IAE)DMRICHT Wm?) Wo?) Wm? Wm? Wm?
- A Aug. 6, 1990 573 46 527 159 350 0.30
5ﬁ*¢tt reERNET LT B ER Jun. 19,1990 506 41 466 246 233 0.15
WIZTHDTH B, BFS (1996) 37 Apr. 16, 1990 455 36 419 158 272 0.53
Dec. 6, 1988 254 20 234 129 108 037

HeEIC N T LD 2170, Y

Aug. 6, 1990

Dec. 6, 198
Fig. 3. Distribution of estimated R, —G for each day.

Jun. 19, 1990 Apr. 16, 1990
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Fig. 4. Distribution of the sensible heat flux H estimated for each day.
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Fig. 5. Distribution of the latent heat flux A FE estimated for each day.
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KEME, 12 8 6 Hic B 2 BRI © KIEDEX
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Table 3 Mean values of moisture availability £ and stomatal apature A in the forest,
and some meteorological factors averaged over the forest area when remote sensing

was done.

£ and B are corrected after eliminating over- and understimation of

sensible heat fluxes on Jun. 19, 1990 and Dec. 6, 1988 respectively.

dates Aug. 6,1990 Jun.19,1990 Apr. 16,1990 Dec. 6, 1988
(moisture availability £)
without correction 0.30 0.15 0.53 0.37
with correction — 0.17 — 0.18
(stomatal apature Ag)
without correction 0.35 0.18 0.78 0.49
with correction — 0.21 - 0.25
(variables when TM data was sensed)
reletive humidity (%) 72 67 70 63
downward solar radiation (W m~2) 684.7 690.3 605.6 354.2
wind speed (m s™) 1.1 2.5 1.0 4.8
air temperature (°C) 2 25.2 12.0 5.9
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