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Basic studies on the estimations of poor drainage places
and groundwater lever by satellite data
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Hokkaido University, Sapporo 060, Japan)

I. FLAE

R 7 -5 & 2HATRBHLH TR OB
g, B2 OHESH 55, Kb—RNRFiEmE
HOTEATOLEIL L > THWT2HETH 5,
L3> T, BT R TARMOME I, I8
K DEE LHET 5, REEZTHET - 2HL
e HEAGOHEOKREIE, BROFESEASN
TWwaH, FRShZEERC > THET S L,
OKRBHOHHERERAEEBOKE 2 AW 54
th, QUERMmMOBIIREG EHV 2k, @~ 7
0 — 7 OMERKE RS 5 3 ik 8
Hb,

DDA KO AHRLE R RIR O K52 v 5
HE L, HEASOLHECRIGT 5RENV R E
T 255D PHEECRIGT 23N R E2#EEBT 5
FED 83h 2, @ES (1995)2 135> P4y F TM
O/ R 2k, 5 HO-HEES O EAS @ E W
Bnbz e LT, TEEHFOEASMiEHEL
Twb, UL, #iFfs (1982)2 i3 28k piz sy —
VIZE o THEPELS BRI RBEEL L LT
3, 7z, WiR S BHEEOEE REFTIILEKSG
% WD S THEASGHEEOTREMERU T2,
IOBENY FEAVSHERZEET -5 DK

*HAOHE | @htEEEEifMta oy v, 060
AETI P REAEDE IS TH

171

FieBAS DA DOEENE I NS - DEMANTR
WLY, HEBEBEBKE S IR YL—XF—5 BH
BlLzibhdkzskkwn ¥ OREERS 5,

QO BFNFE 2 A5 Tk, SRS
SRMEBEREEL, ZMBEEOBECLEKkS %
HET 5 HEY, HhoERmEBE O FEE (EMEH)
POWET 2 HFEND S, Schmugge (1978)% 13,
FEHEREDO LREED»S 0~2cm, 0~4 cm O+FEkK
SRIHETELLLTWVS, LL, JOHE
FEEOEEC - T, RABERLZOLAELL
BEASOBGENERD, L EHREORKIZIRE
ahsd,

@n~A4ruys—7EHb KR, 7254
T4 ruT e —THEERy YT L 70 —F
ERH D, TI2TFATA 707 2 —7HEIFEHED
LB SR~ 70y s —T7OMEERFICL -
THERGEHET 2 HETH B, Ny vy T =47
DY —FHIMEELOREN I LA 70
7 x— TR &k o THEKRGRWET 2 HETH 2,
INSDREREYA 7y 2 —T7TOHIEEEEEL
TWBEENDPEwQE, BELTWIEETLS
T TCOERET — g B3 Do, SBEESHT
bHolt VT E2HEENE L, LrL, FReBT2t
FASOHRECREN R Fk LTERs N, o
EINTNBEY,

P EOHEF—FE—E1H Y, BENZLDIIE
W, ZOROFATELHET — IR Ty



172 ILMEAFREAAE F 218 52T

N—AF— 5 OEBOMS W > TC, HERHT 2 HE
PREE N D, '

SRR DIEASHE TR EEEOOL@ L %
HAEDLELAETHE, Thbb, KEEOTH
PIEFRNEERO KT 2 A4Eb ¢ T LHENE
2T, ZOSEZ 7 ABRBRIRET R~ T L
HAGDHWE 25 ERM LT, BRI ERV
R E@ERRCIRD 7 U FY L — T —
FORTDLETHY, EEELDLRCHIEATE
LS B L, 512, IOHEIEECERT—
FEDH G, FURY Y N TS NFERTE S,

I HRFE

e BGRARE (MIREERE) & LEkS el
TR DRIz DT, OFHI B F 2 EREET,
QBFE T — ¥ RO OBEMBGEE T — & DB,
BXU@F > FH v+ TM ¥ —5 QN 21T> 72,
A, FRBRREERLI-BET—%

a, BRARIGFR

BHERBETT & B8 7 — 5 ORI RS
NOERIN, BB, BRENCET 2 Th % (U
T, T ZThERIHX, EiEhX, BHHKE§2),
ZOHIAUEORE - BELEHEESR 1, (/41
BEHM1RT,

b. BATICERLBRT—%

FRALEEET -5 P4y F TMF—2%
@ Path 106, Row 030 TH 2, ThH5DFERAL 2
F—SDEAHD—EE2E 2 IETT,

B. S F¥y F TM T—4 2L 3 HEKDHED
BRATIRGS

Z DRFSRIC v ie 2R G OHEE RO EE I,
BRSNS > SETE U RERE (UUT, HRER
E) 2w FETH D, MRMEE LEHORRE
T, T8AkS, HEOEE (LHEOBREGREE,
BER), THEOHERER 5 L ICHE LRI 599,

K1 BT OME & Hi

Table 1. The locations and areas of analyzed

regions
ol fi7 &
% m O HE B
B ORI &
FERMIX | 1437147 | 42740° | 5.3km?
BEEMIX | 143°01 | 43°05 | 10.1km?
FERMIX | 143°24° | 42754 | 5.4km?

7e, WAL D BBE R, HHEE, WEOREE, H
LS (RS, MEOESTE L FoEE sz
737, HEAEDEHE R EEASOREEZ T B
o, Mg RS b EERE CREET 2, a5
1z, s X UCEE LOMEREERE R, T-IWE
Rr HE, KR, BE, Rk TbELS,
Uleds- T, HIREEED S LA EHET 3

1 Bt OMER
Fig. 1. Map of the study areas.
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Table 2. Landsat TM data used in the study
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Fig. 2. Measurement sites and poor drainage places for each analyzed area :
(8)Sarabetsu, (b)Sikaoi, (c)Makubetsu.
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Table 3. Correlation coefficients between surface temperature and soil moisture in each depth
8o B 0~5cm 5~10cm | 10~15cm | 15~20cm | 20~25cm | 25~30cm | 30~35cm
B OB R 0.68 0.81 0.90 0.75 0.75 0.25 0.06
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Table 4. Correlation coefficients between surface temperature and soil moisture, and sur-
face temperature and groundwater level

o3 19954 (FR 7) 19964F (R 8)
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_ L FERIE 3 50
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Table 5-1. Rainfall in days prior to acquisition of data, that have good correlation
coefficient between surface temperature and soil moisture

H/H| %A | 198 | 2H |30 | 4H |58 | 68 | 7A | 88 | 96 | 1060 | 1A | 126 | 138 | &&t
o6/22 | @WE | — | 3| — | — | = | = n — == =18 =
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oz mw | — | | - | — | | - | - = | | =] =1=1=1 o
09/18 W2 | — | — | — | — | — | — | 3 1|15 = — | = 4| 23
05/30 | g | — — — — 1 7 36 15 1 — — — — 60
wa s | — | — | = | 2| = | = 2| 2| - ~-1]—-1]—-1]— 6
wor | #e | — | — | — | — | = | = |~ =|—=| -] 1| -] — 0
EHBAEBH O QQ O OO @|&O|0]0O]e; 6
GEtMoAk®E| 11| 5| 1| 4 |2 | 7 |5 |19 |2 | 0| 0| 8] 8|15
MeABFEH | 1.4 | 0.6 01|05 |25 09|68 24|26 0| 0] 1| 1 /198
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Table 5-2. Rainfall in days prior to acquisition of data, that have good correlation
coefficient between surface temperature and groundwater level

A/H| %H | 18 28|38 |48 | 58|68 | 78| 88 | 98 | 108 | 118 | 120 | 13H | &3
06/22 | B | ~ 3 - - - — 11 — . . — g — 99
09/18 | W& | — | — | — | — | — | — 3 11| — | =] — 4 | 23
05/30 | BRES | — | — | — | — 1 7136 | 15 1| — =1 =1 60
06/06 | EE | — | — | — | = | — | = | — | — | = | — 11— 5 6
oo/ | wg | — | — | — | —| - | — | 1| 5| —|—=|—]—|—1 6
07/04 | 2K | 3 | 13 | 10 | — 1| — 2 |23 | — | — | — | — | — | s2
09/18 | H& | — — - — - — 3 1 15 — — — — 19
10/23 | thEg | — - — 2 — - 2 2 — — — — — 6
wor | e | — | — | — | — | = | =1 =1 =] =11 =1 -1 - 0
HBEBH O]OQ | OO ]® 6|00 0| @ O
AFtEexE| 3 | 16 | 10 2 2 7 | 58 | 47 1 0 1 8 9 | 194
BeAk®FEHy| 03| 1.8 1.1 02]02]| 08|64 |52]34] 010109/ 1.0]21.6

T RN IR 19954 (R 7) T, fid1996F (FHE8), FAHOHEMRIZOWTIIER 428K, BkE¥ii
Gtk E R EEE HETH - 72fE,
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Photo. 1 Sight view around No.1-3 site at Sara-
betsu on June 23, 1995.
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Photo. 2 Surface temperature measured by Ther-
mo-Tracer around No.1-3 site at Sara-
betsu on June 23, 1995.
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Table 6-1. Comparisons of mean soil moisture for each measurement site at Sarabetsu in 1995
il =3 No.1 | No.2 | No.3 | No.4 | No.b No.6 | No.7 | No.8 o £
2B (0%) | 68.5 47.0 41.8 67.5 | 56.9 36.9 48.9 35.9 | 7/5, 8/2 ¥y,
% » JE fif @ ® ® ®@ ® @ @ HE310~15¢cm
B m(m) | 156.1 | 158.8 | 162.9 | 155.7 | 158.4 | 162.1 | 159.4 | 162.4 | No. 1~No.3 it

& v JEH fiL @ @ @

® ® ® @ | BRHEOTE

R6-2 1996FEEOERIMK, FEMK, BHIHXOE S5 8k 0 g
Table 6-2. Comparisons of mean soil moisture for each measurement site at Sarabetsu,
Sikaoi and Makubetsu in 1996
i X FERHX O No. 1 fll B8 K A o X 5 *
# =1 1 2 3 4 5 No.1|{No.2{No.3[No.1|No.2|No.3| ¢®
T

3k (%) | 68.3 | 72.7 | 63.3 | 68.8 | 70.6 | 68.6

66.2 | 65.4 | 60.4 | 73.4 |154.1]| 88.3

ZvuEMN| ©® | O |6 |0 |®

© 0|06 | 0|
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s DR & D AEOHAAT B, ol
R IR T I B B 5720, BRO A0 Hk
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Fig. 3. Low temperature places and poor drainage places in Shikaoi on October 11, 1995 :

(@) Low temperature places based on classification of vegetation index,
(b)) Low temperature places based on classification of cluster analysis.
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Table 7.

KE) RN, TOREERIWITT,
£RICLBE,1990FE10H29HDY — > 2L
EERET — S BUERT 5~8 Btk Lk o7&
IREWHET =5 THLILBDrd,
Z OFERE, BMHIEORERE & LEKSOMHE
BIns L wH, 7— 7 EEHT 7~9 HETC H 5 1RE D
ek 2GR (k5) #ME—ET %,

IV. B #E

HE s 5> ORRERE W & > THIBASLHIT A

7Ry y FVTM7 —% OEEE & M &) REOHKTREBOEE
Ratios between number of places with low temperature derived from Landsat TM

data and number of observed places for poor drainage

B 51 #ty (X (30)

e A 3 X (7) A X (13)

2 m &

® A H WA | 7225 | WMERK | 275 | HEEK | 27 RS
1989 &£ 05 H 19 H 0.23 0.30 0.29 0.29 0.07 0.07
1990 4 06 A 07 H 0.16 0.16 0.24 0.42 0.15 0.00
1990 &£ 10 H 29 H 0.10 0.06 0.42 0.29 0.23 0.23
1991 &£ 08 A 29 H 0.20 0.33 0.14 0.14 0.15 0.07
1992 & 06 A 28 H 0.23 0.26 0.29 0.29 0.07 0.07
1995 4 10 A 11 H 0.26 0.20 0.57 0.42 0.30 0.15

B R AOBROITIIPIRE S B D SR & 5 AT B O BT

®8 MEMVFAAFKRLELVOZVHEET -5 OB OBAE (mm)

Table 8. Rainfall in days prior to acquisition of satellite data, that have good agreement

with observations of poor drainage
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Summary

The basic studies for estimations of soil moisture
and groundwater level were performed using sur-
face temperature measured on the ground and der-
ived from Landsat data in crop fields of Tokachi
Plain.

Generally, the areas with low surface temperature
are equal to the areas with high soil moisture con-
tent and high groundwater level. This relation was
confirmed by the ground measurements and Landsat
data.

On the analyses of Landsat data, the analyzed
areas were classified using vegetation index and
cluster analysis methods, and the areas with low

temperature were calculated for each classification
and compared with ground data, because surface
temperature depend on surface conditions.

The following results are obtained: (1} Surface
temperature measured by radiative thermometer has
the best correlation with soil moisture of 10~15cm
soil depth, (2} The day that surface temperature has
the highest correlation coefficient with soil moisture
and groundwater level, is with fine days prior to
taking data and has relatively heavy rainfalls (over
11 mm) before 5~9days, (3) The data of good
agreement between the areas with low temperature
derived from Landsat data and observation of poor
drainage areas, have much rain fall in 5~9days
prior to taking the data and relatively light rain-
falls in days before 5~9 days.



