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ON THE EFFECT OF GROUND CONDITION ON THE
UNDERGROUND TEMPERATURE AND SOLAR
RADIATION REACHING TO THE GROND

SURFACE

By Atsuo Takevcun and Michiyasu SHimMA

Synopsis

It was clear that the ground condition had a large effect on the underground temperature
at 1 m depth. Then, the effect was divided into external factor and internal factor and each
factor was discussed on the basis of the data obtained in the Matsunoyama landslide area in Niigata
Prefecture in summer and in the Miyagami landslide area in Hyogo Prefecture in spring 1974. Asa
result of the discussion, the followings were obtained.

There were large differences between shelter ratios of solar radiation of several grounds of
different surface conditions as external factor. It was largest on forest (82%), 60% on grass
field, 38% on rice field and smallest on blad land (09,). Therefore, the ground surface of blad land
could receive the largest heat quantity.

On the other hand, as internal factor, the differences of heat character and soil composition
in shallow layer were discussed in each ground. The heat quantity that was necessary for rising
the temperature of soil column in the invariable layer by 1°C was 25.5 cal cm~2 deg™! in the bald
land, 27.0 cal cm~%? deg™! in the grass field, 18.9 cal cm~? deg~! in the rice field and 12.9 cal cm=2
deg! in the forest. Therefore, the heat quantity was smallest in the forest.

Adding up the two factors, the soil column in the forest showed the highest temperature in
case of the same heat quantity, but the soil column in the blad land showed the highest temperature
and in the forest showed the lowest temperature, considering the shelter ratios in each ground.
Accordingly in summer season, the effect of ground condition on ground temperature was determined
mainly by the shelter ratios of solar radiation. ~As the heat quantity reaching to the ground surface
was largest in the blad land and smallest in the forest, the heat quantity per day stored in the soil
column at each ground was largest in the blad land and smallest in the forest.

As mentioned above, it was deduced that the difference of heat quantity stored at every day
caused that of temperature amounting to 42°C at 1 m depth between each ground.
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Fig. 1. Relation between underground temperature at one meter depth and surface ground
condition near measured point.
A: blad land, B: road, B’: path, C’: rice field, C’’: wet land, D: farm,
E: grass land, F: forest, F’: bush.
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Fig. 2. Map showing localities.
A: blad land, C’: rice field, E: grass land, F: forest
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Fig. 3. Setting condition of each measuring
apparatus.
1: measuring apparatus for air tem-

ER CHETH o perature, 2: measuring apparatus

for underground temperature, 3:
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Table . Ground condition and Solar radiation.

MATSUNOYAMA | a ] O G
i 460 | 285 | 185 | 85
1974. 8. 19. 2 100 | 62 40 18
3 0 38 60 82
1 550 | 335 | 240 | 100
1974. 8. 20. 2 100 61 43 18
3 0 39 57 82

T MIYAGAMI A D E F
i 610 | 440 | 450 70

1974. 5. 25. 2 100 72 74 1
3 0 28 26 89

1...quantity of solar radiation (cal cm~2 day-1)

2...a rate of solar radiation
3...a rate of shelter of solar radiation
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Fig. 4. Diurnal variations of air and underground temperature at the blad land (1974. 8, 19-20).
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Fig. 5. Diurnal variations of air and underground temperature at the forest (1974. 8. 20).
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Fig. 6. Vertical distributions of air and underground temperature at each time at the forest (F)
and the blad land (A) (1974. 8. 20).
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Fig. 7. Isothermal diagrams of air and underground temperature at the forest (F) and the blad
land (A) (1974. 8. 20).
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Table 2. Progressive velocity of temperature wave and depth of invariable layer.

1 2 3 | i | 2 | 3
Mx. T.| Mi. T. | ave. |minfem| DIV |Mx. T.| Mi. T. | ave. |min/cm | DIV
A 2.7 38 | 325 19.2 51 3.0 3.5 3.25 18.8 55
C (D) 2.8 47 | 375 17.3 | 60 2.2 2.8 2.50 24.4 59
E 2.0 4.4 3.20 285 | 41 2.3 3.0 2.65 23.0 47
F 2.5 3.1 | 280 21.8 \ 40 2.5 3.1 2.80 21.7 36
MATSUNOYAMA 1974. 8. 19. 8.20
1 2 3
Mx. T. | Mi. T. | ave. |min/cm | DIV 1...progressive velocity of temperature wave
4 2.7 3.4 3.05 19.5 67 (cm hr-1),
C (D) (2.4) (2.8) (2.60) | (22.9) | (52) 2...the time spent per one centimeter (min.
E 2.2 2.8 2.50 24.0 47 cm1),
F 2.2 2.6 2.40 25.1 23 3...the depth of invariable layer (cm).
MIYAGAMI 1974. 5. 25.

#3cmehr T, BHEAR D BL, HHBNEIBL k- Tnd, ZhHOFEEDHEIIFMILO LIBHEED
BATERT 2 LELONS, BRHOATIRAREZEELELN TV,

Fig. 9 IKRBBAIELNIEHE - BEXPT I ABEOBVERLTH D, TNRLD L, B4
BEREOL RN IOREKBBEHABOBVRIAREIIREZEBEELTWL T L0045, RUTIIR20
ADHBEALDBAI9A LY RENVY, HKBTREZEOESHBTREV, THET LOHEERE
BERLIIERDECY, BFIRAL R CTARICAEENRED L Twa, BT hEE IR D BBE
HREVD, BEHPEMHTIR+30cm KEAMMED S, REOFRIMYOLEHEH L WERELLH TS
5o

L AL HRIT T S BEEMHEICERRICED LT b d, kit BERRBRVOLFES S
BEITARELL TS, Thi3BRH—BALEEES 2 RBANBEZEL TR LRERL T
LEHEEEIND, Fig. 9 tATHEREILOTREBRE QI CLUTORAELLIRE ZWEE) £RD
2k, Table2 ® 3 TFRTL58% 2%, ~MIABBEHARNOBAHOHBBHFIALIHAEIBNIOTR
BEBYE 2D, BHLAMBEBOIN—HITERITHEETILRELTREEERD L L, TOBK
2% % 45cm, 24cm LD h VEL %D, FHBEOHRRK X 2BEEOHBRIEMITEWTIRAKREERIEDL
nTw2 (Table 2),

(5) #ik#® L Aus tausch (¥

BHWHITE T P OBROEDH Y 5 X OEE LS B TEMR TE b N7 Ml #5282 38t L <&
WEHELRD, EHOIOLADb¥ T Table 3 KWiRT, £ILk s EAMREMOBMBEBOER NIV, B
HWRARIAREREERL, BR-EH—-—HKBOBITINI L k>Tnd, ZOBMBFEBEEO IO L—H

Table 3. Thermal diffusivity and coefficient of Austausch.

Thermal diffusivity Coef. of Austausch

MATSUNOYAMA MIYAGAMI MATSUNOYAMA
A 4.609 4458 | 00117
C (D) 3.787 (3.564) 0.0010
E 3.558 3.176 0.0124
F 3.179 2.219 0.0062

Thermal diffsivity... X 10-3 cm2sec—1
Coef. of Austausch...g cm~1sec™!
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LTna, BHOMEMZILOME ZR T 2 L RERRL, BROBRERNE L REI T RYVHTE
WK D, BIEREOHEBERINEIEZIOTH L EIRINTN D,

RICHWER D O RLKFNSHBHERE L > TEL LN 22, BWEFICHE L KB g BB M
BRP~RIND P L A2 720517 Austausch B 2 KD, ZOHEERHT 2,

Austausch FBBRO L5 K LTRoLY, BEAFLE L CHERITE L KM EA 2 3 LIRS
NTHELY, ZO—-BHEEMRICL - CTRERKZEI NS, HEFDH LERITBIZET 2HNE
FHEREKTH Y, BAPRERONBHE LFTOLKOREG LRI Ly LIBITES, ZOHKICL 28
DIEWE T Austausch L W), ZOHBRLABOEERIRORICL - THBHICHRIFT AL LHTE

LR, 0=8EK (O, ¢=2K0%E (i) (grem™), Z=HE (cm), A=Austausch %3 (cm™
gesec™Y), =K (sec).

CORBAGEHRNHUL T 50T, ZORIBEEREBBRAKKLTELLNE, ZRF 4,2, 0
HEOBEENETLE, ARBEORYH L UMMAELLHETE 2,

= B T
A==y T ®

TR, ef &= Zy, Zy 0K, o' =LK DEE=0.00129g:cm™, T= 1 =86400sec.
&) REHATHMIRD Austausch R ERD 2 L Table3 O L5 1Ch %, chicksd, METTH
ELAGBHBRBERTRIBERPERI NPT, BRBREIIELE->Tnh,

43 EEROBAER
BB THRINI i 0~30cm O LIWH T 3.4 THARLFET SHRERCARL, SLBEEREEED
AKBERY ML TS A0HORAGKEERDEKREDOELM- T, EMTENLOBERTHRLT—E
DEREBL LI, ZORRERITET.
A4=0.193 cm.day~?, (’=0.231 cm.day-!
E=0.131cm.day~!, F=0.098 cm.day~!

44 FHERIEO R

BHRTHONLEX 45em OEENE LERERRO LI TH D,

BH MO I B8 2~3em BWT, ZhLUEIR 45em # TEEOOBALERKE.

BH :0~5cm ¥ TRASVE { HYOMIBAT 545, 5~25cm (FE MM LE 2 BLRKET, 25~30

cm BEKEOBBKESEET 5, 2 hERBEORMLEIKE,

b O~bem BERLFALKLEOEIEIKET, ZhUERBEORILERES.

PRt 1 0~5cm (3554 LA L 2 MIEE T, 5~8om ML TH 2, 8~30cm BRWREERIIA LR

BOZALBTH Y, ThUEREBROBMIERE,

8 A19+ 20HIZIRML 72 E Kt (834) ITo THAMILIICFELEERHM L7z 3 0 Table 4 TH 5,
B LR L, BRESENT S L RTTFABEIMMT 2, ThRRET2 L9510, BRY - kP REBEE
DM TRA L, BRI BHHMT 2720 TH 2, SMZEEOMM &I, KPBSLHEMLT
VB I FEABESETRD LTn s,

BT LI 34 TOREHELANT, BRBRS « HBES  kar1kD, K2 OBBLEREH L
d0% Table 5 Thb, RICL DL, WHTIRFHTE.2HDEHBR L 16.4%BDKS B LU T.4 BOHH
BT L > THRINTEY, 10em DETREZENSVEMLTH 2, BHIRFEL6L.5%0B]RKS &
26.6%DK53% LT8.9 BOERBES THERINTHY, BHIZESTKIBEDLE VML TRS, 35~40
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Table 4. Density at each depth by each ground condition.

0-15 | 1530 3045 ave.
A 1.379 1.347 1.308 1.345
C’ 0.944 0.978 1.129 1.017
E 1.049 1.314 1.385 1.249
F 0.619 0.670 1.097 0.795
density ......... gem= o B

om TIREICKRAVUBHI R ETEN LT 20BE LD, HMCEEBRS77.0%, KH14.6%% LT
HBEN8.4%THY, BIZRBIEML T2, LdL, KFZBEFTMIECIEESL, BERMETH
45em BADOEND ¥ 2FIZE L Tnd, RBITHHETIIERRN55.1%, 7K5%526.6% % L THBK18.3
BLEh-ThY, HMOMBITHSTKS, FBEABEEIIEL E->Tnd, FLEBOBHEOETERE,
0~5cm T#90~80%, 10cm T50%, 15~25cm T40% L% - Twd, INRHMB LA LI, HPiIZE
Bt L UBERHREEL TRELDTH D,

DIE&HR 2D LB MREIPEY BE-oTwd ZENREINLOT, LUBROEBORTEZELE LT
Table 5 KR LEEERATHES 2 LIZT 5,

Table 5. Constitutive ratio of the soil at each ground condition and each depth.

depth | A C’ | E [ F

cm | 1 2 3 1 2 3 | 1 2 | 3 1| 2 3

0 | 8334 | 1037 | 620 | 63.55 |26.02) 10437 70.78] 18.56| 10.66 | 10.81 | 45.64 4355
5 | 81.96 | 1271 | 533 | 6572 12566 8.6272.88|18.14| 8.98|20.29 | 51.09 | 28.62
10 | 75,57 | 17.56 | 6.87 | 67.04 |23.44| 9.5279.46|12.48| 8.06 | 47.48 33.77 18.75
15 | 7463 | 18.02 | 7.35 | 67.81 |22.15|10.04|76.28 | 15.08| 8.64 | 58.55 | 25.86| 15.59
20 | 7497 | 1832 | 6.71 | 6525 |24.99| 9.76|73.95|17.24  8.81!60.38 | 25.53 | 14.09
25 | 73.31 | 19.12 | 7.57 | 65.30 | 24.46|10.24 | 75.33|16.96  7.71|61.91 | 24.94 | 13.15
30 | 73.26 | 18.41 | 8.33 | 65.30 |25.42| 9.28|76.66|15.19| 8.15|64.81 | 22.29 | 12.90
35 | 7521 | 16.78 | 8.01 | 58.66 |33.67| 7.67|81.13|12.66| 6.21|75.82|12.57 | 11.61
40 | 73.67 | 1763 | 8.70 | 57.46 |34.67| 7.87|81.58|10.69| 7.73|75.60 12.41 | 11.99
45 | 76.02 | 15.18 | 8.80 | 68.38 |25.27| 6.35|81.66| 9.32| 9.02|75.05!12.13 | 12.82
ave. | 76.19 | 16.41 | 7.40 | 64.45 |26.58| 8.97|76.9714.63| 8.40|55.07]26.62]18.31

o | 1.345 1.017 | . 1249 | 0.795
1...constituent of inorganic matter (%), 2...constituent of water (%),
3...constituent of organic matter (%),  @...mean density (g cm~3).
5 % ®

5.1 iR & KERIES M
RO 1m EHBIZE2 2EBRIRNLTC 2552 L3H L. 22T, Z20—2Th50MEF>
% ) KBEABE LR L OBRIZOWTRHT 2,
—BIZ KBS bESNTBHROTHFRROBRIXOKXNTRDLEIN S,
QT=QG+QR+QA+QE+QL+QS ..................................................................... (6)

Qr = RBER4 #iE.
Qo= MR & - TRHEI N5 B
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Qr=HIEZEITL - TRHIN L BE
Qi=MBELIR S AT L » THEIN L BE,
Qr=RREBHRITL - THEI N D HR,
Q.=EHEMITL - THEZ R BE,

Qs=MTERINIAR.
LT
Qrl—Qal—Qp T =HIHHTFRA T BBEE <o erveoveorermoieeee e %)
QN +QuT+QrT=Hurt A SRR T BEREE oo, (8)
(7)—(8) =HIPIZERI BB (Qu) v ormrerrmmmooeeeeee e )

@DREBT, Qs ORAFRILVTROLIRER S,

Qs >0 il L5

Qs=0-- HRATE

Qs<<O-- IR T

FFOROBEFHERD B,

Qr: KEERHABIALKEXOH LABEE KB LA~ I BHFHZL 5L, Table1 ITRT &
5 12550 calrem™+day™ TH 2, L7t €, BHRICAH T WO KGEH BB L LTHROELZE 5,
Qo : BHBUT AH LT HREICE LB L ABEHARBHNINTHE0T, BRICASTIHOMEP L
HMBLMRE CEE L KBEARE (Table 1) 22 L3I 2L - T, FHRICEL 2 KBEF RO
WREMBILWTED, ZOLH XL TRDMEE Table 6 © Q¢ DHITR LTz,

Table 6 The heat balance at each ground condition.

A c’
- Qr 550.0 | (100.0) 550.0 (100.0)
Qe 0.0 ( 0.0 215.0 (39 1)
Qr 99.0 26.8 ( 4.9
Qr-Qs—Qr 4510 | .0) | (100.0) | 3082 | (560) (100.0)
Qr 115.3 [ (256) ' 1382 ( 25.1) ( 44.8)"
Q: 295.7 ( 65.5)" 159.6 ( 29.0) ( 51.8)"
Q.4 14.0 ( 3.1) 3.1 ( 06) ( 1.0y’
Qs 26.0 ( 5.8) 7.3 ( 13) ( 24)°
E F
Qr 550.0 (100.0) 550.0 . (100.0)
Qs 310.0 ( 56.4) 450.0 ( 81.8)
Qr 33.6 ( 81) 14.0 ( 2.6)
Qr-Qs—Qr 206.4 (37.5) | (100.0)’ 860 | (156) | (100.0)
Qx 78.6 (143) | (381)" 58.6 (10.7) (68.1)"
Q. 114.6 ( 20.8) ( 55.5)" 22.5 ( 41) (26.2)"
Q4 8.1 ( 1.5 ( 3.9) 2.5 ( 05) ( 2.9)"
Qs 5.1 ( 09 ( 2.5) 2.4 ( 04) ( 2.8)

Qr...heat quantity of solar radiation (cal cm~2 day-1)
Qg...reflected heat quantity on the ground condition (cal cm=2 day-1)
Qg...reflected heat quantity on the ground surface (cal cm~2 day-1)
Qr-Q¢—Qr...flowing heat quantity into the ground (cal cm ~2day-1)

Qz...Jossed heat quantity by evaporation (cal cm-2 day-1)
Qy...lossed heat quantity by long wave radiation (cal cm~2 day-1)
Q4. lossed heat quantity by Austausch phenomena (cal cm=2 day~1)
Qs...residual heat quantity in the invariable layer (cal cm=2 day-1)

( ) ...percentage against Q7 (%)

()’...percentage against (Qr—Q¢—Qr) (%)
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Qr MR ITE L 7o KBRS D B0 BAUIC AT HARR CRE I N2, % Albedo &0 2,
IhRihEmoBaH, HERBIZL-TRE2I0TH S, Angstrom® 12X 5 L, BEPLII8Y, BB
FETRERETIREY, RRRBTRUFBLE-> T, ZOMEBBZUMTNYHIIZFERAINS L2
2%nE, LEBREHOGRS L HERENOHEL T, AMITI3I8%, FihlMmibiidl4%, 7 LTEEIZIZ
8HEHALTIARABETREVWERS), INLORMELEMROMERIZIEL - KBBHARE LA
WTKDIfE% Table 6 ®© Qr DIUIR LTz,

UEZS>0E#H% (1) RICRAT S L HHITA 2 #E12 Table 6 © (Qr—Qo—Qr) DHITFET LS %
BiZkhb, EESR () ARA2KBESARIIHT2E4ERY, () HiZHPASRBICHT2EHS
FERT,

HHPIZAS BB EMPLD BEINIPBPFRERINIABLERELVWETTE200, ORPOLK
DIHWXHBLZLAHTES,

QT_QG_QR=QA+QL+QE+QS ................................................................... (10)
22T, HABAD Qu Qe Qs 1THE - [0 BE T RE L UFBR TR L BB LR NTRD B2
LHRTEL, LdL, ANBREEHZE (Q) BAELZ»-70T, RARKL->TINERDT,
Qr=(Qr=Qc—Qr)—(Qa+Qr+Qs) e (11)
Q. Austausch BEHICL > THRINZBROZ L IWBEARC L - TITEDRBNT, T T2 Aus-
tausch MDA %F WY EFT, TRRLZWEBRBEHE THI LR LT, BTRBATIHEDHE D
IOBRBR L - THEEINIHPRROLI XL TRD LI EHTE LY, LEHITHRAT 2 Q 12,

Q=,_kﬁa07 ................................................................................................ 12
Thb, HREDEER,
f=a sin27,<7}-,2% _7},)_6‘%'/% .................................................................. (13)
THEzbNb, ZZIC, kRIEOREER, Lk,
26 —a 2700k Gin (ZFELEN
ENEAJI = M —

kb, T po BLIBOWELLH, ¢ 3M, o 3EE, TIREH, a=%M,
RICRAPICHATIHE Q BOUORNLBIERKITLT,

Q'=a-o'\/?—g;2 .sin (g’;vi_‘.%) .................................................................. (15)

Lkb, TTI o, p REKOEEL Ik,
HER L EZROBABR P TRAZOREORNEMHMRIALLAONZ0TQ L Q Lok ik

SO GO 16
2 i (16)

Lhb, )RICKHHMTERKD LN A, 0,0,k 2L ULEKRD p’, 06" ¥RATSZ EITX 5T, Austausch
BRICL - THAINZ2ABYATLZ LM CE S,

KM OMEE FE O FLERE (p) 12 Table 4 [TRIN TS, Austausch %413 Table 3 TR
Tnd, RICEMO W (o) ZEMRBES OLE ps KEA OBBESSHR r 2T, Th s+
hidRw b b,

o= ﬁ R PP an
a=1

ZER5r D B3 k4 12 1.00cal g™ v deg ™!, AR 3 0.4dcalo g odeg™, BTMES (HEHRS) 13 0.22cale
glsdeg™' & LC Table 5 ORAMHREE AT, FHROBEFRAEDO LBEE R, Zhit Table 7
O0cm OMWMITRLTH %, RICEHMILOMETATE O BZERERD 5, BILBFRBE m 3
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L e, (18)

ap

THY, ZOEBITCRBEAZEMCHMBROFHBNERLLRDOONTNE, 20O m LERRD HEM
ED p, 0 OMEMNDIZERL>TE EHIETE D,

k, =2.00x10"3 cal.sec~'.deg~!.cm™!

kgr =1.59%107% cal.sec™?.deg~!.cm™?

ky =1.45x107% cal.sec™'.deg-t.cm~!

kp. =1.32x10"? cal-sec™!.deg~'.cm™!
IRLRNONFZMEAORICRAT L L, RKOIMERROLS L% D,

24=3.1%, Ar=1.0%

Ar=3.9%, ir=2.9%
2%y, HIPFRA-TAROPT Austausch HRITL - THAINIBBRII1I~4BLENI T LR B,
Lzt~ T, Qa RRRILE - TROLN D,

Qu=(Qr— Q= QYA «eereemeeame e 19)
TOREACCHEE L&D Qi DfEiz Table 6 ©® Qi ODHEITRINT VA,
Qr: 4.3 TROLABHRO—ABY OERERIKRBE A 5975 calog™ LR LT, Qp £ KW, Table 6
D Qr PDHEIXFHWMI LOEERLTH S,
Qs OROBMAXRNCEHNT Qs PHRIFHEAO FHBAL ThURIKEL O IBBE L OMTHEIN
Tn330THY, REZFEHEZODWTRIHTRETH 24, BEO—BLYORBRIIBERETEE (W
70cmeday™) EARSBRE (F50cm) #BEBL T, ZOMERDLE, FEBARIBICERILIAR
D3~5%THh, 2AGEFARABO01ZITLPELEN, 22T, —HOBRZEHRFEL 2400
BHErbR, COEIEBTLIZ LI L, Ldl, IOMPEBRI%ATZ L) KEMMZERINT,
WTERBOBERBRICRBIRELARANLREZIOTHS7cD, RPCOLLIBRIOHRBCREL THEES S
ZEDTERENRDTH B,

BAE (8H208) OFMROLREEI TOFAMBOAEAETHET L L, wIFNOBHA 0BOMEL

Y R2UBOEDOHHEL k>Tnwb (Table 9 BH), ZOZLRBABBALZINETORSBE L b T
LTk Do LictioT, Table 7 iITRO HLNTHEEHROFHAER (00) TARBFHLBEOE X (D) 3
L, 3LI—BDEEEAE (40) THILILITE-T, ZOBRERDLILHBTE B,

Table 7. Specific heat, density and heat capacity of each depth at each ground condition.
depth 4 \ [o | E | F

em |1 2 T3 T Ty 2 [y T2 3
0 | 0315 | 1.379 | 0.434 | 0.446|0.944 | 0.421 | 0.388 | 1.049| 0.407 | 0.672| 0.619| 0.416
5 | 0331 | 1.379 | 0456 | 0.439) 0.944 | 0.411| 0.381 | 1.049 | 0.400 | 0.681 | 0.619 | 0.422
10 | 0372 | 1.379 | 0.513 |0.424]0.944 | 0.400 | 0.335  1.049 | 0.351 | 0525 0.619]0.325
1.379 0.944 1.049 0.619
15 | 0377 | [pi0 | 0514|0415 0., 0.399) 0357 | "1 0372|0456 | 0o | 0.294
20 | 0.378 | 1.347 | 0.509 |0.436|0.978| 0.426 | 0.374 | 1.314 | 0.491 | 0.450 | 0.670 | 0.302
25 | 0386 | 1.347 | 0.520 |0.433|0.9780.423 | 0.369 | 1.314 | 0.485 | 0.443 | 0.670 | 0.297
1.347 0.978 1.314 0.670
80 | 0382 | \yoo | 0515 0489 ") 104290356 ;0| 0468 | 0422 o1 0.283
35 | 0.369 | 1.308 | 0.490 |0.500]1.129|0.527|0.332 | 1.385| 0.448 | 0.344 | 1.097 | 0.304
40 | 0339 | 1.308 | 0.443 [0.508 | 1.120|0.574]0.320 | 1.385 | 0.443 | 0.433 | 1.097 | 0.376
45 | 0321 | 1.308 | 0.420 |0.431|1.129|0.487|0.313 | 1.385| 0.434 | 0.343 | 1.097 | 0.376

ave. | 0.364 | 1345 | 0.481 10.447|1.017]0.450] 0.353 | 1.249 | 0.430 | 0.468 | 0.795 | 0.340

1...specific heat (cal g ~1deg~1), 2...density (g cm™3),
3...heat capacity (cal cm~3 deg-1).
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Qumi 0o pRe et (20)
(20)REAWTEHE L% Table 6 ® Qs DT L7,
Qr: REITRD bt Qr Qo Qr. Qu Qr, LU Qs FRMKOKX (UD) IKRATHZ L RE-T, BB
WAL - THEREI NI AR Y —ICRET L L8 TE 5, HHBRD Qr D% Table 6 ® Q; OHITR
Lo
UERE->T@, 8), L0 ROBHBRD bNl, ThODERE L3 DA Table 6 T
h ZhEBRAMLA3 O Fig. 10 Th b, TRHLORBIEWT, BBHEATIRELI00ET5 L,

A % a
100 QE
Qr 538 5
18

QA
25

Fig. 10. Relation between surface ground condition and solar radiation.
A: blad land, C’: rice field, E: grass land, F: forest.

B 270, BEHIIML0, Z LTHIBIZH20Z ZDEABELLTwE, ZOZEITL-T, BRI 2K
BEABROERIIRELZENDILIIENBOLLITINS L#IT, ARG ZYKRELHERLIIZLTWE
T EMHERIND, HFLKALLRBOZB, QRBEEH B O UVAREOBARI - THBEIhE LS T
59, SH20HIZHALLREBOY, Hi%* LRI ILDICHEAINICARIHMD 5.8 BHRET,
132.4~2.8% 2% DL B> Tna,

52 MROTHBEORRESBHEROERN

RITAMETTH 2 LRBEORNBE L L L OBERIK OV TR T 2, SHRICL 2 L EEEOHE
1344 XREINTVE, ZOHRLADREATEMROBENDO LR L ARR LR LD Table
7 Thbr, APOLBEHEEL Table 4 XM, FHROFHLRZERIR/NT, Bib—HEHA
—HHOIHITAE L k> Th Y, ~EROIDEHIEELFLITEIHBRIZL ORBELE LT 2,
L L, BUAEY ) ORERIEEBEIKREL, D0 TEBA—HH—HBOMEIINEIL k>Twd, 2
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FYV—BABOLMES ZRE LTI ICERBIRIZRABLHEL L, MBERIPEVEBETINE
LiZ% b, 22T, Table8 ITRT&L51, 3L

Table 8. Differance of rising value of the L TOMRITRMOREE LB ICEREI NI L%
earth temperature by heat flow BORBHERI N LT &, T2 1.02°C
quantity and heat capacity at ’ ‘a L " § . .
each ground condition. DFREIK LCHIT 35D 202°C L ABT 5o

T T I TR TS T e T Of0. $RARNELINCRE et
A |53]0481] 255 | 26.0 | 1.02 | 26.0 | 1.02 HHMONITRE EANKES 22 RFTHD. L
¢’ 160]0.450| 27.0 | 26.0 | 0.96 | 7.3 | 0.27 LaHb, 51 TROELLS I, Hh (FBELE
E |44]0430| 189 | 26.0 | 1.38 | 5.1 | 0.27 . K .
F 28] 0340| 129 | 260 | 202 | 24 | 019 VD EEBIN D REDHMAGRS TR0
- BIRLPELEN, 22T, EHRICEEINLH
BERRXLCE4DRBEERD S L, #Hids1.02°C

1...cubic volume in invariable layer per
1 cm? (cm3)

2...heat capacity (cal cm~3 deg-1) T LTz 019°CLpHE L n, 0% &
3...quantity of heat needed to rise 1 deg. BBBONEL THB LR TOREBIZE > T, &
the volume (cal deg~1) 3 . [
4...heat flow quantity in the blad land (cal HINIABICKESS LLIHRAZRAO L5 10F
cm-2 day-1) BRERBEZNEZAOTH L, YRRz LiTdy,
5, 7...rising value of earth temperature EMITIIHRIC X 2 RBHE~OBRIANE T T
of the volume (deg.) B2 EMOBMGHEL Y b, SMIRFCH2ABE
6...heat flow quantity at each ground con- g ke & 0 . .
dition (cal con-2 day-1) SHEOEREDHHKE TS T EAW b
Tahi,

53 TRMEANOZBOABAR(LOMHRICKDEE

WA EMICKBESRTRINL TAETH LS & RS - B#ls L CRNEG Y, REIRIZEELL
CEBEHBTRE L TRBRPHELIE L, LMo T, H2EI2TOLEHARSTINTWIARR—
HERMELTEATIRTCH S, ZOBRSIOORIRLL Qs BETHNEHBRIIEAL, AT
BNETHRTHILERAE S, 22T, FHENCTEENORBOBE(LTHELT, Z0BVERILT
E

TEMERNO ERBOAEAY HOLHIT 5D, BMEROELYE L, RBOEIOLLIHEE HY
BRETLBELIRYE2 D, COLBREOD 2B dh OW/MELIDY, t, t BIICH T HREL 0, 0
LLTHMRBOLBBARRY CL 35, 4, t ORI 2 M/MERNOBRROENL (4Q) HRDOIHIT
k5o

Q= (B = B)edherevmeeeroeeoeesee e 1)
THESRCEINIREY 1 OBHITIE Qut ORI Q LT3 L,
0—00 =S:'c(a_o“).dh .............................................................................. 22

LhD, c B—BITBER LEIZENT 28, Table TIRET I ICL s FRRPWT, T ORI
BLHBERBT S c OEMBNZ VDT, ZITR—NERERHMLTINEBDNEOT,

H
Q_Q":”Su (B =B odh —omeeeeemeeese e (23)
LT ENTED, COREEELT,
) 1 H 1 H
Q0= CH[F§0ah—4r S 00dh | oo @4

bR F 0 G 0odh WEA 46 BRI B LREAKOFHRR L 25, 22T,

B 0ah=0, [ 00dh=0, v @5)

— 16 —
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EEl L,

Q—0Q,=CH(G-0y)
b, LoT it BOBRBOEMITHEL 0L LT
DFEHBEOELCCHRHFEI LITL - TRDBZ &S
Tk b,

RO PEIRE PR EOBNER AW THER
T E, BRUNOBEOBRE XA - T, ThEFHT
i, BELROE LSBEZ G424 TRDL LT,
#Hi#hT 53cm, EHT60cm, HHTI344em, F LT
T2 38em THAHDT, B4 DEXET5~10cm Z&iIT
BELHRAIN- TEETIE L v, SFHROBMARYS Y
DHARIT Table 7 KR LIFESEERCL, Zhbo
BMEEANT LEERNO BB X 55 L7 & © 48 Tabl 9
Thh, COROTDEHEHNFEORBROE L O %
L LBENOZHBLYRILL 24 O Fig. 11, 12
Thb, Fig. 11 ¥R 5L, BHREHOHEEL LTHK
BRHLOZRTERL, ThHI2~131F THEX, 20%E
VBRI LE D, BICHERREMBT LOBEIRIKE
WHIZZRICBRKBEH IR TS, ROBWITRLLS
T, ZOBEBOBRZRAFROBRIZEATHER L
-2 TkY, TOBRMEEANCSY, HELRNISEC
L EWiE-> Tnb, Fig. 12 17128 A20A 471 0 B AR

calem?

rel

l -30
-20

+ 260cqiem?
lll“lu\
| + 73calem?

ittt

+ 5.lcalem?

| ERPET S Y

L l”

+ 24 colem®

ceepsegcsanis

T

024 68101214 1618202224

~— Time(hr)
Variations of releasing and absorbing
heat quantity at each time in invari-
able layer.

EREL LBAO0TBENOROEHREBLRLTH L, BMTRSHIA, TOMTRE6BEIARE

1974, 8. 20.

Q | 2 3 4 56 789 100U 12

3 14 15

—> Time (hr)
16 17 18 19 20 21 22 23 24

Fig. 12. Diurnal variations of stocked heat quantity in invariable layer.
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Table 9. Diurnal variation of earth temperature and heat quantity in invariable layer.

1974.

8. 20. 4 ¢ . E | F
7@"}6 0, Q. dQ, G Qo dQ.- . Q. dQ. \ b, Qs d@, o

0 25.40 647.7 24.93 673.1 23.57 445.5 120.62 266.0

2 2495 6362 —11.5 |24.57 6634 — 9.7 |23.33 4409 — 46 |20.48 2642 —18
4 2488 6344 — 1.8 | 2443 659.6 — 3.8 |23.25 439.4 — 1.5 2047 2641 —0.1
5 |24.73 630.6 — 3.8 |2430 6562 — 3.5 |23.21 438.7 — 0.7 |20.38 2629 —12
6.5 |25.05 6388 + 8.2 |24.22 653.9 — 2.2 |23.18 438.1 — 0.6 |20.40 2632 +0.3
8 2653 6765 -+37.7 | 2433 6569 + 3.0 |23.27 4398 + 1.7 |20.65 2664 +3.2
9 |27.78 708.4 +31.9 | 2465 6656 -+ 8.7 |23.57 445.5 | 5.7 |20.80 268.3 1.9
10 |28.47 7262 +17.8 |25.02 6755 + 9.9 |23.65 447.0 + 1.5 |20.93 270.0 +1.7
11 12975 758.6 +32.4 |2642 713.3 +37.8 |24.38 460.8 +13.8 |21.68 279.7 +9.7
12 | 31.02 791.0 +32.4 |27.45 741.2 +27.9 (2508 4740 +13.2 [21.93 2829 +3.2
13 [31.07 7923 + 1.3 |28.30 7641 +22.9 |25.17 4757 + L7 |21.78 2810 —19
14 |31.00 790.5 — 1.8 (2812 759.2 — 4.9 |24.80 468.7 — 7.0 [21.70 279.9 —1.1
15 | 29.67 7566 —-33.9 |27.75 749.3 — 9.9 |24.80 4687 0.0 | 21.57 2783 —1.6
16 |29.38 749.2 — 7.4 |27.47 7417 — 7.6 |24.75 467.8 — 0.9 |21.55 278.0 —0.3
17 |28.70 7319 —17.3 |26.92 7268 —14.9 |24.60 4649 — 2.9 |21.47 277.0 —1.0
18 |27.89 7112 —20.7 | 2652 7160 —10.8 {2440 461.2 —3.7 |21.28 2745 —2.5
19 |27.25 6949 —163 [26.02 702.5 —13.5 |24.17 4568 — 4.4 |21.07 271.8 —2.7
20 2695 687.2 — 7.7 |25.75 6953 — 7.2 |24.02 4540 — 2.8 [20.91 269.7 —2.1
22 |26.74 681.9 — 53 |2549 688.2 — 7.1 [23.90 451.7 — 2.3 |20.87 269.2 —0.5
24 |2642 673.7 — 82 2520 680.4 — 7.8 [23.84 4506 — L1 [20.81 268.4 —0.8
ave. |27.68 705.8 25.89 699.0 [24.05 4545 21.07 2718

total | +260 473 N ¥24

04, O,y 8., 8;...average earth temperature in invariable layer (deg).
Qas Qe Qes Q.. heat quantity in invariable layer (cal cm~2),
dQ,, dQ.-, dQ., d@;...heat variation at each time (cal cm~2).

BBEE/NIED, ZORBOBERITHBRIMNL, BRIRAERRITET 2, 2O0RKBITIVESR
BIZRAT 54, 24 BM%O 218 PR O BICE - T FRBRRZZLA 0T Tho iAKRAEEL T
2, CORBI—BHORABRBZHRBY T b ZELLIDT, THUCE - THBR&BN 720G
FRAIHERE D, HHMROLRSFELEEIEMT1,02°C, B0 L FEHTO0.27°C, HH#T0.19°C DRSE
FRLAEY, Bl M ORITIZ083°C RDBEEHBEL TS, ZOLI E WV RERBROENE -
BHICH T ThAIZERINT Table 9 ® ave DITIRT &5 REMIBIZ 2~F°C IOBRFEELET S
IDLELZLND, BADOWVAEBFROERITL VBRIBL I EFL, THBLUTEREORES
BN L TERI N RO —BRBTEB~NEBITINE, L3, ZOoOWBEIN2HBBEISMHRICL -
TENRS LY, FHRILLI2EFARABOEVBTRE~BITEINLBARZOEL LY, IhHTESMLE
1m BV TEHBREIR t2°C 0RBEZ AT IRRE2 230 LMD, 0% ), —HOFRGEHE
NO+EREOBNEHNETH 2EM (B—H) KIEMERER LT THTEB~RLBIT I CERBE
3 ERTAD, KR—2PWTRIRLAESBLBERNORNIIALAD, BMBRRBT LoTS) THTERSHL
MBRERABIT L CESHE IR TS 5, Z0BROPIEMRIZL 2 KBRS AEHRROE L LEOAM
HEOMESEAZTNAT, ML Ilm FE T THITIEBSRBI D 3~4°C WA h, 2RI
BT B L D L 1~2°CE AL 0L HHIEIh S,

6. #& £

HROMBIE LIZTHBLIHET ENNRFRIRIL T, 4O TR LEBERROELESH L
DITE T,
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1. AMERFTH2BEOKBEHAERRIBRY 0% L+ 2 LBET38Y, HMT60%, £ L THil
TEBITHET B, HMBEITEE L KBHEH BRI PITADZIITHESIT L - THRI NS LT,
HHIZA-THD B FRLIUERHEN AL - TREZDN, BREHICHBEEED 50 ITE
HEINLZHABRBPITEATIARLI00S T2 L, BHITI35.8%, BHT2.4%, HEHT2.5%,
2 LCHHT2.8% L %> T 5,

2. WHEFCH 4RO TIEEEOHBIT OV TR LEE, FHEEIEMT 1.345g«em™, &
MiZ 1.017gecm™, BT 1.249gecm™, % L THIMBTIL 0.79%gem™ L% - Tk Y, ERYEHER
DENIDIEEBEIINIL hoTwd, LEXEES t KRS  ERSOZBRIHT S L,

Bi=76.2:16.4: 7.4
BH=64.5:26.6: 8.9
Bi=77.0:14.6: 8.4
Hhi1=55.1:26.6:18.3
LE-T D, BRLHETHORIHE L, ARUEAETELLZ 2> Tn2,

3. 2THELN BRIESWT, £iRo B0 BHE%RERIT 2 &, LIRS 0.364cal g™
deg™?!, {@ H T 0.447cals g '+deg™!, #Hh!3 0.353cal-g ' edeg™!, % L THiHlIZ 0.468cal-g t+deg™ & %
s Tnb, —HBERIIEHT 0.481calecm~2+deg™!, I HT 0.450cal-cm™*+deg™?, ¥ T 0.430cals
cm™3edeg™t, 7 L CHHITIZ 0.340calsem™Sedeg™ L k- TWnb, Lo TR—BRITXL T,
HHPRIE(EENLY, BHEREIABRLILWIERE S,

4, Tablel, 7 KR+ L5 K HRBRABBEHARIZABFE LI, MBRABEHARI W
BRELLPTVEVI BREVELN TR L, 22T, SRFLANRFOFRLBBERIIKE 28
BHEH -T2 e ERLTRE Lz ZOER, R—RBHEHRIKELON %0, BE
BONS ZHBRIFRICEY, BAROREAFMPEAIHBIZERHRRER RV, L5,
HWRIZL > THEKINI2BBEERT S L, BABRITRICE Y, Hib019% Lo KBS AR
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