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Studies of Surface Temperature on
Sarobetsu Peat Land by Landsat TM Data
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FEETOS58~10 DYy a v EHFD8—vD
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% (Tablel), 8 v—voH4DZ5 v F+ v b TM

Table 1. Landsat TM data used in these
studies
No. Date Time
1 1984.06.04 9:30
2 1985.06.18 2230
3 1985.07.09 9:30
4 1987.09.17 9:30
5 1988.05.30 9:30
6 1988.10.05 9:30
7 1989.05.17 9:30
8 1989.07.04 9:30
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Fig. 1. Map of study area
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Fig. 2. Measurement points of surface temperature and depth of ground-water
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Table 2. Results of ground measurement on

6, No.7), (No.4, No.8), No.10, (No.

1989.07.12 2, No.3) oJEiEmETtH %, LirL, FN
Time |WW| W E Weather AOIRMLE S LAE VBT Ko h
~ ~ Il &
Slw:00]200] — | 2009 Cloudy P20 DM BAE O IEA TE T T K
85]10:3020.7| — |21.0 | Cloudy~Fine AR

£E|1:00| — | — |Q9.8)| Cloudy~Rainy b. SO

Wé 13:00|17.4| 18.7 | 18.3 Rainy £ E O R OMEE I, No.8 No.7, No.
E | Mean | 19.4 a8.m| 20.1 10, No.9, No.2, No.6, No.3, No.5b®
Oi10:00[18.7| — | 185 Cloudy {'E"“'E’ﬁf%z"’

211030189 — | 18.7 | Cloudy~Fine c. MEDIAL

= N L.

ZE(1:00]185| — | 18.0 | Cloudy~Rainy #ROBEDOIRLL, No.3, No.4, (No.
é 13:00|16.8 | 16.8 | 16.8 Rainy 8, No.2), (No.5, No.6), No.9, (No.
2| Mean | 18.2 |(16.8)| 18.0 7, No.‘ 10) DIEEEEBTH 5,

10-00 | 956 9.3 Clond HTFKRKEOR XK OCRERE & DBIFR - #FKE
~ . . — . oudy N . _
¢ I 2 . ZIRTG, &
£5(10:30(95.0( — | 9.0 | Cloudy~Fine @ﬁg”)mﬂ?@%ﬁﬁgjmg Hiomd. coR

22 1n:0[95.6) — |97.3 |Cloudy~Rainy 7 PETAEZRCEHLZE, No.5 No.8 No.

E[13:00(98.2| 98.2 | 98.6 Rainy 0THH A0 5, e, HWTKEIREDS R
= b= 4T o |

Mean | 96.1|(98.2)| 97.1 E@Jmu‘No 4TH5 iﬁi&ﬁ@[ﬁﬁi&f@?ﬂtﬁ
DR EDOBRVIRZ BT Table 4 7T, &b EE
Table 3. Surface temperature of the measurement points in Sarobetsu (1990.07.07)
Observation Surface temperature('C) Weath
. eather
time No.2 | No.3 | No.4 | No.5 | No.6 | No.7 | No.8 | No.9 | No. 10
10:00 | 24.1 | — — | 238 — {235] — — — Cloudy
10:30 — {22! — — {245 | — | 240|235 | — Cloudy
11:00 - — | 246|256 ]| — |21.1 ] — — | 2.7 Cloudy
10:30 | 242 | — — — | 247 — | 261 | 244 | — Cloudy
12 00 — | 29| — {287 — | 27.8| — — | 26.0 Cloudy
122 30 — — | 3.4 | — | 319 — |39 29| — Fine~Cloudy
13:00 | 3271 — — | 293 — | 39| — — | 31.0 Fine~Cloudy
13:30 — |2t | — — 1300 — |[327|3¢4]| — Fine~Cloudy
14 : 00 — — | 304|298 — |21]| — — | 27.3 Fine~Cloudy
14:30 | 28.8 | — — — | 290 | — |31 20| — Fine
15100 — {257 — | 28| — {2021 — — | 28.2 Fine
15130 — — |25 | — l274f — |210| 257 — Fine
16:00 | 26.2 | — — - — — - — — Fine
10:00-13:00 | 28.4 | — — 126 | — |212| — — -
11:30-14:30 | 265 | — — — | 269 — | 286|257 —
10 : 30-13 : 30 — 1250 | — — | 273 | — | 284|200 | — Mean
Surface
12 00-15 : 00 — | 243| — | 288 — | 285 | — — | 271 temperature
11:00-14 00 — — tors 2t — | 281 — — | 26.0
12 1 30-15 : 30 — — |35 — |207| — | 283 26.8]| —




510

EEAFEEHMIICE B17TE H45

35

34
334
32
314
30
29
28
27
26
25
24
23

Surface temperature ('C)

16

Time(LST)

Fig. 3. Change of surface temperature for each measurement

point (1990.07.07)
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I, ZOBEORERELXNEL L2 d s b
nad,

REA DB 2 X ZRERE O HE 818l L 7 No.
3L No4DEHEE OB % Tableb @R,

Table5 75 No.4 D 3 X = 7 JER# DS » No. 3
Dz vEEORRME D ERRENE VT &N
%, MBRSDOEDFEH24.3CTHD, ZORRA
ELT, WENRDDEERRBEIS B L, %
THAEADBRBREN NIV ENRNELZLRD, T,
Table3 X b No. 10 D4+ DfEAEH & No.3 D =
OMEMOKRERE & T 5 &, No.1l00J
NERTH D, Tihbb, 0Lz T ATRKIE
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E =5 /
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g /
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Fig. 4. Mean depth of ground-water at each
measurement point

Table 4. Ranking of surface temperature and depth of ground-water

Ranking 1 2 3 4 5 6 7 8 9 10
Temperature No.5 (No.6 No.7) (No.4 No.8) No.10 (No.2 No.3)

depth of
ground-water No.5 No.8 No.10 No.7 Nol No.3 (No.2 No6) No9 Nodid
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Table 5. Comparison of surface temperature between No. 3 and No. 4 (1990.09.27)

Temperature(C) Tem ;

; perature Air

Time No.3 No.4 difference("C) temperature(C) Note
9:15 21.8 24.3 2.5 18.0 Fine
9:20 21.8 26.3 4.5 — weather
9:25 21.6 26.7 5.1 -

9:30 21.7 26.4 4.7 -

9:35 — @25.7 - -

9:40 21.6 26.1 4.5 -

9:45 — (25.5) — 18.6

Mean 21.7 26.0 4.3 18.3

a0z TWARRE D EEARENERTS
5o .
3. HMEANCEIT SR
BREOBHMEBREIOEELSLDOED Y 5 7oz & 23
AL 7=,
a, FEEERHTREAORIOFELEEZ T
BNT, EZOMEEDOHELTIT S,
b, I XTriE 2z TuARKRME= REL T
WARKI L b BEREHNE .
C. #HOEZTCWHRRBIaOEZ T3
FepRi X h RERE TR,
C. BET—IC4& 24E4 & MERHEIRE ORR
1. SHAESOEET—4 OMREIEE & IHHBER
DREBEDLLR
FHEF -l o HMEEBRE #FHCHNS
», 1990 FoFHMBN SfFoREARE SR <
HEirgEbhslok, GEOMEERESMLE
B, 1987FE 9 A 17T Ay — v ZEVIcERH
D6 v — ViZ oW THRRRES MR 2 SR ED
HWEAREHAR )KL, FDOFK% Table6

CRT, ZORIKL D LHMERREI SR IR
¥, No.7, No.9, No.5 No.8, No.6, No.4,
No.3, No.1, No.2, No. 10 TH %, BB H D
IE 62 & % No.5, (No.6, No.7), (No.4, No.
8), No.10, (No.2, No.3), & BT % &, No.
5, No.8 o#E = IZEERE T, No.2, No. 33 &R
THBERERI ZOEMBERNL T3, 51T,
19905 30 A 9K S o BHMER F— 2 &
198045 B 17 HDEBE T — 2 (9305, BX O
1990 4 7 7 8 H 9 K 30 o Bl BB 5 — # & 1989
FTRA4R0EEFT -2 (9K305) ZHEL I,
Z DRy Table 7R3, SRTROHEET -4
IBFT X 57 235K &E L, BMBRIOIRCT
HRS— 20 TFLE—HLTWw, 7TAD
F—2 ZNo.TZKR BT H %, No.5 No.9,
No.3 DEEREQIEFT—H L TWw5, Lal,
No.5 & No. 3OBEZELIET% &, BB T
X, 4.2CTHHDRN L THEF -2 DEEZE X
1.9CTH B, ThiFirlsE V&, BEF -2
AR O IETH B b KR E DR

Table 6. Surface temperature of measurement points by Landsat TM data(C)

Date No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No9 No.l0
1989.05.17 19.1 19.1 20.0 19.5 19.5 19.5 20.0 19.5 20.0 20.5
1988.05.30 37.6 37.6 39.0 38.1 39.0 40.4 40.4 39.0 39.5 37.6
1984.06.04 27.8 27.8 30.2 29.3 28.8 27.8 28.3 28.8 29.3 27.4
1989.07.04 30.2 30.2 28.8 30.2 30.7 30.2 30.7 29.7 29.7 29.3
1985.07.09 28.3 27.8 27.4 27.4 28.3 27.8 27.8 28.8 28.8 27.4
1988.10.05 24.2 24.2 22.3 24.2 24.2 23.7 25.1 23.7 23.7 22.3

Mean temperature 27.9 27.8 28.0 28.1 28.4 28.2 28.7 28.3 28.5 27 .4
Ranking ® @ ® ® ® @ @ @
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Table 7. Comparison of surface temperature
between obesrved on the ground and
derived from Landsat TM data

Measurement point | No.2 | No.3 | No.4 | No.6

1990.05.30 9130

.27 .27 57 .9C
Observation data 15.21C |14.2¢C114.5€13.9

1989.05.17 9:30

Landsat data 19.1°C |20.0°C |19.5C [19.5TC

Measurement point | No. 3 | No. 5| No. 7 | No. 9

1990.07.08 930

Observation data 25.8C

23.5C|27.7C| —

1989.07.04 9130

Landsat data 28.8C (30.7°C |30.7°C|29.7C

OEELHDLEEDLRD,
2. BET—4ICL DlEARY, LhmESFL

HhRERENRF

a. FEEEBOSH
BT X O LR 0 5K O Pl % Plate 2 IR
T ThHORMLEBRPCKRD X 5 el LR

Bhic,
D By e <vRRETNE, —HREICEERR
N E
2) O & Bk BART, EARRSK
EAAN

3 HoBEOLMS —BICHEEREALE -,

4) BREBFBANTE, RRESH BRI
&,

5 RREBFNOBMER AT - BRI S5
WD = <V JINGES oh T, AR
BHRES LT b, ZOHHE, BB
Bk 2Ly yDORALTWDEITH 5,

UEo k> wRREFEEERRRSANEL, +y

PRALUTL 5 EHAERARES 852 L 38
L7,
b. 3RS —HIILL B HMBESE

BTHX S8 0 H L 72200 ¥ 27 £ A X200 5 A

VOBFTO I AR -G OERE AT T Y v b

R, OB, BHHSN LT - AR
Thdb, 77 A% —SHHEREERER, LU
HIRBOGMC LD &, KDL D - HBEBEISHE

IR,

D PR QRRELEXBHL CGBRF &0
KL TWBFED

2) RBIRETCHvIREDRANILGAT

3D RBRMTLYy2ARAL TV, Fiids
g ¥ OEYy Ok

4) A AE

5)  WREBIIEF DA OREA

—HEFNCERER IR, M (R ), ERHAO

FHPBALLHR LS GEER T B0, Wil
ISHEIR T IEh o,

c. WMRERE & EERHOBER

WERERE L EERBOBRAYBL LD, &
=V DF =R onT Ere vy EELLEYH
LEBEOT7s—-vd200 721 X200 514 Vic
DT Y 7 e VOKRERE & AR OBRY
Hmtww7ey b L, Fig.5x 19857 A9 H
D7ry P ROFTHD, ZhboRE, EEHK
WIERE, KBTS E RGO DOWTRANC RO T
Bho Fio, 75 AE -G THEEHES YR
WRERE & BERB QBRSO R % Table 8
WRT, ShDORENLRDZ EAEHHF,

D EURSVOERCL 5 &, BEAEKEMER
BEZ cEAaOHEEERTH B, Thb
B, THAERE K E CET G SRR EME
<, WEEHIVNE GG CHERRENE
Ve

2) 198945 A 17 H, 19874E9 A 17 H, 1988
FIASHOFRFBLKEDF — 213, HE
RPN E L, ERRBRERE Mo T —
B LRI ST 5B,

3) 1984%E 6 H 4 H, 198547 A9 H, 1988 4
5300, 1989 7R4B0EEDF -7
OEVRRE, EEFET, Pk o efElRRL
T, ¥7, HEGRKLLE,

Table 8. Relationship between surface temper-
ature and vegetation index

Date | Coltion Regtewion] onstan | S
1989.05.17( 0.02** 1.28 19.3 1.1
1988.05.30( 0.52** —15.20 40.9 2.2
1984.06.04| 0.48** —14.17 32.3 2.1
1989.07.04| 0.45** —17.35 35.4 1.9
1985.07.09| 0.58** —17.33 34.7 1.4
1987.09.17| 0.03** 3.04 11.3 1.9
1988.10.05| 0.27** - 7.15 24.6 1.1

** 1% Significance
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Fig. 5. Relationship between surface temperature and vegetation index
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BB 2 HERREOHEYRA N, T 0K
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Table 9. Mean surface temperature and Standard deviation for each Land cover

Date

Bamboo grass

Bare soil

Vegetation land

The rest

Water

Crop field

Cut peat land

Mean SD
)

Mean SD .
‘C

Mean SD
C)

Mean SD
C)

Mean SD
()

Mean SD
¢

Mean SD
¢c)

1989. 5.17
1988. 5.30
1984. 6. 4
1989. 7. 4
1985. 7. 9
1987. 9.17
1988.10. 5

@ 19.6
@ 34.7
@ 27.2
® 27.6
® 26.1
®12.8
@ 2.6

1.1
2.5
2.8
2.1
1.5
1.8
0.9

® 19.6
@ 39.9
@ 31.5
@ 30.3
@ 13.6
@ 17.9

1.2
4.4
3.8
2.0
1.5
2.2

@ 19.5
® 37.4
® 28.7
® 28.5
@ 27.1
® 11.6
@ 22.7

1.2
3.3
1.9
2.4
1.5
2.3
1.4

® 19.0
@ 31.0
® 26.5
® 22.5
® 24.1
@ 12.4
® 19.6

1.4
4.9
3.9
1.7
2.0
1.6
1.3

@ 16.6
® 32.4
@ 23.3
® 25.9
@ 22.9
® 11.3
® 18.5

2.4
4.9
1.8
2.8
1.8
1.0
1.8

@ 20.0
® 32.2
® 24.4
@ 26.6
@ 27.4
D 14.0
@ 20.5

0.8
2.1
2.2
3.3
3.1
1.4
0.9

® 17.7
@ 40.5
@ 34.5
@ 31.9
@ 27.3

@ 21.1

1.9
4.9
3.1
3.7
1.8

1.5

Mean ranking

3.3

2.7

3.1

5.4

6.1

3.4

2.5

O Ranking
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Mapper Thermal Data for Water Surface Tem-
perature Mapping : Case Study on the Great
Lakes: REMOTE SENSING OF ENVIRON-
MENT 22: 297-307 (1987)
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Summary

Because it has become easy to measure surface
temperature by radio-thermometer and to obtain
surface temperature data recently from satellite,
knowledge of surface temperature has become more
relevant for agriculture and agricultural meteorol-
ogy. However, surface temperature on the canopy
has not been studied sufficiently.
The following three experiments were performed
to define the characteristics of surface temperature
on peat land.
@ Analysis of surface temperature derived from
Landsat TM data on Sarobetsu peat land.

® Ground measurement at certain points on the
peat land using portable radio-thermometers
(Fig. 2).

® Study of the relationship between surface
temperature and vegetation index or land
cover using Landsat TM data.

Landsat TM data for 8 scenes (Table1) were
processed to produce color images of surface tem-
perature (Plate 1), and surface temperatures were
compared with land uses. The results obtained
from daytime data are as follows: 1) surface tem-
perature on the peat land around the observed
points is higher than on other peat land or land
covers; 2) urban areas have the highest surface
temperatures ; 3) mountain regions have lower sur-
face temperatures; and, 4) sea surface temperature
is lowest from May to July.

Surface temperature, air temperature, humidity,
depth of ground water and vegetation were obser-
ved around some points on transections of the peat
land from May to September in 1989 and 1990. It
became clear from ground measurements that: 1D
surface temperature was not influenced by depth of
ground water (Table 4), but rather by the state of
the vegetation; 2) surface temperature on
sphagnum vegetation was higher than on bulrush
vegetation; 3) surface temperature on bamboo
grass vegetation was higher than on bulrush vegeta-
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tion.

The vegetation index for each pixel of the obser-
ved area was calculated using Landsat TM data,
and regression equations of showing the relation-
ship between vegetation index and surface tempera-
ture were calculated from daytime data (7 scenes).
Reverse regression coefficients were obtained
between vegetation index and surface temperature
(Fig.5). Also, the mean surface temperatures of
land uses classified by cluster analysis were compar-

ed (Table.9).

The conclusions of these studies are that: 1) sur-
face temperature on sphagnum vegetation is higher
than on other vegetation; 2) when the land is cov-
ered with bamboo grass, surface temperature
lowers; 3) the regression coefficient between vege-
tation index and surface temperature is reverse;
and, 4) the regression equation is estimated as
approximately Ts=(—14~—18)VI+ (30~40).
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27.0~28.8C
B 29.3c~

Plate 1. Distribution of surface temperature in Sarobetsu, Hokkaido
(by Landsat TM data, Jul. 09, 1985)

(). 35
0.36~0.40
0.41~0.45
0.46~0.50
0.51~=0 .55
0.56~0.60
0.61~0.65
0.66~

Plate 2. Distribution of vegetation index in Sarobetsu, Hokkaido
(by Landsat TM data, Jul. 04, 1989)



