ELLAEMRIMRRE %208

Research Report from the National Institute for Environmental Studies, No.20, 1981.

Ko EREL By REWRAD

Comprehensive Studies on the Eutophication of Fresh-water Areas

ETrEREONE, ST sz ol BE ReYe

Geomorphological and hydrometeorclogicol characteristics of Kasumigaura watershed os related fo the lake environment

BBF053~54FEE
19781979

ZE BB FE - PHRE@ETM TS KR
% ®M-BF XS 1B B -#@R EH
gH BF-818 S

Yoshinari AMBE, Hiromasa UEDA, Yoijirs UTSUNOMIYA, Takayoshi KAWAL
Ken SAHASHI, Kunihiko SHIRAI Iwac TSUCHIYA, Masaaki HOSOMI,
Keiko MASUDA, Kohji MURAOKA

BET BULBWEFRMR

THE NATIONAL INSTITUTE FOR ENVIRONMENTAL STUDIES




& it Ky g By

L T

¥

Flept W

=

A BT (EeASROEFE (bl T 25 TTET] ORI ~MERHS L2 -12 8 3O
—DTh B 7

BrAOERBIR ) v B L CEESFRTHAL, ERCHET 21, —HR>AFICHLYT 5
Loy >TRET2BECH 2, 2L TRAICET 2HBEINE 2HRT 2102 OMikic sy
AR TFAORA, BlifL HOEFE, BRLERSVWTHEBIHET 20ESH 2. K> ) -
xmﬁ%ﬁwﬁimzabrﬁmméuyw;&%ﬁoﬁ%bmﬁfatwﬁ&otﬁ,xﬂ%u
b o LILCEAKOHTTRE SHB L LI, .

TFBrEAOIIIC L AHMAGRETEICHEY » TEADOWIE O M %2, FHEIIHMBELE /2 R
> BB L1z, ' , '

LB 5B MOMIE & b OFFEENC >\ CHB TR I & DIEE %13 1. K 53>
ﬁ@%@ﬂ?ﬂ@%ﬁt%wmgmohfﬂ%b,ﬁ%dﬁ*@ﬁﬁib%#ﬁﬁﬁ“ﬁﬁ¢@5‘
WS N AFBEORE 2 AR - 7,

PED 3 BAEOHENICL - TEYHOKPHLEDBONTRAESREICH ST ->TS
R EREE LV, BrifdEnHNEMTe s, 20EEE AL TEAICMT 5. T O 2N
S L THIBSEN, [ERSN, AU, (LEMNET Te-F 2BELTU AT LR ET- 1
BRTH B, LOL D2 0 MADER, By RO EHRELo FEARY i@ - & R, —fi
LA BRI B 3 ERELORBOBICEL T & 2L TV 3, AL LKT
O 21810V L BT B5RETH 5,

FaF1564 1 B

2]

H 37 /2 B 98
e ITHE  RER

—iij—




TR anadiy

—

&

]

FRONBRE ST [PkRO SRRECET BB BT, ARIETEYH
: RO - ¥ BEEEE, MASARCTMENAIC b & 5 XIS e H S I U1,
RIS TR ORGSR & 2 DR, rainout falloutlC HSET AR AHHAR 2% U, Tt
EHRFICHE L TP 5 AA paniC & WA HHCHEMMLS L H FRERREHEE L, L0R
HFKOE & KB 20T, EHlRE 7OV T OB & TN E OB ST 5 MR
b, —HHUCHERIDE L L ShaHTFARALR, KEZR U BEIC, THOOERES LI,
WENRE % 2L TORBETIBYrHOARLICO, WRATELSEOEBHE>8HE L, B
F7k 72 & OIS U % U T IHFISAERS s 38 & N6 LR BHIC T & 5 THE RIS
oREETLIZ DTHL, N T :

REOVESD £ OFBIHFELBIATANL OBE, +/40 bHMAMEICATE S h, H1£T
D DR - BRI 2B THRIBCE S N2 b 0T, HEEKE L TR OB OB & 2
YRS, 74— FEEE 7 — JIUESEE - 72, 526F 4 BinBalBige s UCERITA # —
ML SRBErROATRL, SEOHIBEL bHEE Uiss, MR LB Fith o 8% i
e v FAFRE LTS O 21T - 1250 25k 5, By BN MWE TRy W TT-12
L3R —F R PR T H 12D T, F &L TEHICE T 2EHOKERHE 2 >b b
1HO7 4 - FREO HIZIED, ZORMEEHRE— RO B MO e, {tiE & ot
B B OB ERIBIc L T,

MER4y 7 EHAEOEE ZoRBNUEE, RO 9Ro s b e HBBNL, 35780
EUHFGLTVA, 2ORFUDKELHEEIETLS, LeMATe, £PRESR s, REEHERS,
AT 4 B X R 2 CH 5. 2 OEMNDEF S Bk, EREE, BETROI 47 -0
FEAECEHBEEROS 2 L0 6, SR%, #hICE, BEIE, #RTF -1 ICETES
TWT, &3 ICBINPBERR Th 5, B 1 ORI orisud, Bl (4 B4 h)
D FNH [EAKEOSZHBELAE] 2oL, Ao s oaErR o, Byl
TWAE, ZOME, #ElE TIHIIE, THTAH 6N YGRS, KBS, WE - OB
ZNMFEEEEEZ ©, EHELEEET AT O OB, L 2Ky P 2HTT, ZOKE, EH
Bohtrl L RHAI.

FHEZSAMOBA WRETLOTIHCT 2 TR3BELAEAPHEDT, 2R ) -XT
8 5ME (R—19--R—26), 75 24T (R—27) 3 9 & L1z, R zO—2TH 585, E
theOBFEEH-THS SO 74 sy s e, D[Ry (FH) OB, V,[#E 7
O, SRSt E L 07 olKEE I RIETHE], V,[BrfmAA OmbAaaE &
1t & % O, I, By HoERROEE & AEDRTE]L VL MEBEOE KR CREREICET 5 &
Bage ), L (BRI s LI TEERLOBEBOERIL], X, T Microcystis DRARHE], X,



(SR ERRE] T, ChiMA TRV S5, I~X2ELT, I, N, V, VidEENR
TEYE W, LHEHOREER -1 DT, N 20HEESH.

Braszn (AORORELHROSH T HHNAROCHOORRE (1 ~X) ZEHSPY
CE TS CERB I AR T AL b, By H0RELRAYT L, —HTRITKER
SIS AR AERT ~L LV BT DO Lk - T Y, BXRELHILEROEERLERD
OGRS RAKB LGN SH, T h—FTl, KEEAFRIEEF0ER TR E L
TVABrlRBESH - T, O 5HNTH B 43t/ WOFBAIK & REORKPEE
D - B OB LI KPIOUEATEN. Fhick D AROHEAER 2.85m LD, kK
R34 0, FUKER 2860 L5, COGHTHAEMEKE 6.26im 12, T HBOREA
TE B 8GEmM K LB TAENHFETSH Y, T OFBFKICIDEEIIKMER T 5 HtE .
BIED 1465 m*/$E0 & 5 fAm’/ L KIRCRT 5, GRBALLPTLEMORLTHBE AL
S THRBTE KL COBGEAIFRATICE S HBT EHOTHLEEUNRETH 5, bObhiET
5 L1ATH EOBEAEH L TS ROFAR TNCBIMT 3T L0 308 012w, THRAKE
DFERTEEHECABLVbOICEE ETHENE, FEIS V- THUBRELTOREOET
Vi MR T ADATH D,

Hfs65E 1 A
WEAYVA/NS 5

AEHEREBE
& M 3

_vi_

o

K e ——

»



, 1. B E 2 OB ORI DU T e remreriie s 1
’ FIEB
A 2. By EREOEMEEES L RS R b OFREIE OB IC 2T 27
| “H Hib , .
3 T TR DDBIFGE v ree s e sss ettt 43
B &gt HE-EE BT e B FE-EF 3%
4. B THISER T OBEE & A oo eemrem e 69
R e - R EW
5. §7ﬁ®7km§ .......... 103
o A
B H
BAHD) Class A penBEIEHE (5 (SET), BLPUKER, [LFHHEE] oo 121
BEH2) B R OB EE] v 127
BERUB)  FTH E E HHETRE PR B - oeeeveeeeeereme et et 143




fu

[

CONTENTS

1. Geomorphological Study of the Alluvial Plain in the Kasumigaura

Area and Iis Vicinity .............................................................................. 1

Y. UTSUNOMIYA

2. Precipitation Characteristics and the Fallout Nutrients Supply in

the Watershed Of Lake Kasumigaura ...................................................... 27
Y. AMBE
3. A Study on Lake Evaporations:etsseressssomrmmimimim e 43

I. TSUCHIYA, K. SHIRAI K. MASUDA, T. KAWAI,
H. UEDA and K. SAHASHI

4. Hydraulic Behavior and Water Quality of Groundwater in the

Lakeside Area of the KaSUMIgaura s eeoressrosrisamssesimonenmiimssms s 69
K. MURAOKA and M. HOSOMI
5. Water Volume Balance of Lake Kasumigaura - rreermes e 103
K. MURAOKA
Data
Data{l) Daily Observation Data of Class A Pan(Tckyo, Tamatsukuri,
EdOSaKI) trrersrerereenessrsnet st e e st e 121
Data(2) Meteorological Data in the Kasumigaura watershedrrorrreereeeresreesenen. 127
Data{3) Vertical Profile of Geological Characteristics at Test Well
SEEE wwvrerrrrterttntannunaeeesrre ettt s s bt e e e mn s s en e et aat p s ra s es bRt aesanbann e ees 143

_ix_




AT AHPIRANRRE 205 (R—20—81)
Res. Rep. Natl. Inst. Environ. Stud., No. 20, 1981.

. T By ORI OBBOMTE couT
FEIB -

L

Geomorphological Study of the Alluvial Plain in the Kasumigaura Area

and Its Vicinity
Yajirs UTSUNOMIYA !

Abstract
The author's exammatlon on topographies of the alluvial plam in the

Kasumigaura area and its vicinity brought the following interpretations.

1) The topographies of Kasumigaura area can be devided into such topogra-
phies as mountains, plateaus, river terraces {upper & lower) and alluvial plains
(upper & lower). The upper alluvial plain along the coast of L.Kasumigaura,
Kitaura and on the lower Tone River are formed with such topographies as
sand spit, sand bar and cuspate bar or foreland, and the lower one are
occupied mainly with natural levee in the Kokaigawa-Kinugawa-Tonegawa
lowland.

2) The plateau consists of such plateaus as Kashima, Namekata Ishioka,
Nihari, Tsukuba-Inashiki and Maka-Sekijo plateaus. Though the altitudes of
these surfaces of the plateaus become higher with a distance from the western
part to the eastern part of this area in general, they may indicate local
tectonic movement {e.g. warping and faulting).

3) There are regional differences in development of river terrace; the upper
terrace on the lower Tone, and the lower Terrace on the upper stream of such
rivers as Ono, Sakura, Koise, Soncbe, Tomoe and Nanase river. It is re-
markable that the surface of these terrace is developping on the right bank of
these rivers. | ,

2 4) The upper alluvial plain seems to be formed in the circumstance of the
slightly high sea level (so called Jémon transgression, about 6000 years before)
‘and the development of such coastal topographies as sand spit, sand bar (or
barrier) and cuspate forland on these surfaces indicate geomorphologically the
extent of the sea and the directions of the coastal currents at that time.
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Fig. 2 Direction of coastal current deduced {rom the micro-topographies
{about 6,000 Y.B.P.) on the upper Alluvial plain.
Legend

1) Scarph line at the rear of alluvial lowland (it may coincide shoreline
;6,000Y. B. P)

2) Shoreline and river couse of the existing topographies.

3) Deduced direction of the coastal current.

4) Direction of coastal current deduced from the micro-topographies
of L. Kasumigaura.
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1} Mountain, hill

2} Platean

3) River terrace Upper
4 ) River terrace Lower

53 Alluvial lowland (delts, back marsh and recently formed lowland) 9} Dune
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Precipitation Characteristics and the Fallout Nutrients Supply
in the Watershed of Lake Kasumigaura
Yoshinari AMBE'!

Abstract

1) The distribution and annual variation of the precipitation in the watershed
of Lake Kasumigaura were studied and the secular variation of the total
amount of precipitation was calculated to discuss the budgets of water and
nutrients in this area.

2) To estimate the amounts of nutrients entering the lake water directly from
the atmosphere, the concentrations of total-P, NH,-N, NO.-N and NO,-N
were determined for the fallout samples collected at NIES monthly in the
period from June 1977 to Nov. 1980, The amounts of fallout nutrients per area
per month were calculated as shown in Tab.2 from the amount of monthly
precipitation and the concentration of the nutriénts. Assuming that these
values can be applied for the whole area of Lake Kasumigaura (Nishiura), the
-amounts of total phosphorus and total inorganic nitrogen were estimated as
6 ton/year and 175 ton/year respectively. These values are nearly comparable
to those of the major rivers flowing into the lake.

3) Comparing the concentrations of N and P in the rainwater and those of
total fallout, it was estimated that nitrogen compounds are mainly attributed
to the rainwater and phosphorus componuds are to the dry fallout.
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Chemistry and Physics Division, The National Institute for Environmental
Studies, Yatabe-machi, Tsukuba, Ibaraki 305, Japan.
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Fig. 1 Distribution of the average annual precipitation '(mm),1941—1970
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Table 1 Average annual precipitation and annual total amount of
precipitation in the watershed of Lake Nishiura

Average annual Annual total amount
precipitation of precipitation .

1966 1,425 mm 2.3 x10° m®

1967 1,115 1.8

1968 1,425 2.3

1969 1,363 2.2

1970 1,053 1.7

1971 1,363 2.2

1472 1,425 2.3

1973 1,053 1.7

1974 1,301 ‘ 2.1

1975 1,363 2,2

1976 1,549 2.5

1977 1,301 2.1

1978 929 1.5

mean 1, 301 2.1
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Table 2 Concentration of Fallout Nutrients at NIES, Tsukuba

{mm) {mg/1)

Days Precip. Total PO,-P NH,-N NO:;-N NO.-N Total-N

1977 Jure  1—June 30 30 160 0.019 0.49 0.004 0.085  0.58
July  1—July 31 31 123 0.012 0.54 0.009 0.220 0.77
Aug.  1—Aug. 31 31 297 ¢.011 0.26 0.004 0.063 0,33
Sept. 1—Sept. 30 30 238 0.002 0.17 0.012 0.074  0.25

Oct.  1—Nov. 1 32 49 0.018 0.33 0.030 0.165  0.53
Nov.  2—Nov. 30 29 76 0.057 0.51 0,011 0.192 0.7
Dec. 1—Dec. 28 28 16 0.077 1.25 0.009 0.571 1.83
1978 Dec. 29—Jan. 31 34 45 0. 050 0.68 0.025 0.314  1.02
' Feb.  1—March 1 29 37 0.092 0.68 0.609 0.4  1.78
March 2—March3l 30 115 0.041 0.4 0.010 0.22¢4  0.72
Apr.  1—May 1 31 141 0.049 0.43 0.0056 0.188  0.63
May  2—May 31 30 100 0.043 0.66 0,008 0.33¢  1.00
June  1—July 1 31 80 0.043 0.55 0.000 0.370  0.92
July  2—July 31 30 39 0.063 0.36  0.013 0.410  0.79
Aug.  1—Aug. 31 31 6 0.759 0.58 0.019 0.164 0.76
Sept. 1—Sept. 30 30 146 0.029 0.46 0.009 0.326 0.79

Oct.  1—Oet. 31 31 118 0.027 0.31 0.008 0.230  0.55
Nov.  1-—Nov. 30 30 ' 54 0.060 0.13 0.011 0.200  0.43
Dec.  1—Dec. 27 27 39 0.083 0.69 0.040 0.268  1.00
1979 Dec. 28—Jan. 31 35 59 0.059 0.13 0.008 0.415  0.55
Feb.  1—March 5 33 10] 0.013 0.50 0.003 0.415  0.92
March 6—March3l 26 53 0.030 0.85 0.010 0.419  1.28
April  1—May 1 31 94 0.025 0.01 0.003 0.979  0.99
Mey  2—May 31 30 167 0.011 0.02 0.003 0.582  0.61
June  1—July 2 32 70 0.049 0.04 0.476 0.391  0.90
July  3—July 31 29 95 0.025 0.63 0.160 0.721  1.51
Aug.  1—Aug. % 31 69 0.046 0,66 0.002>1.071 1.74
Sept. 1—Qect. 1 31 149 0.012 0.54 0.002>0.714 1.25
Oct.  2—Nov. 1 81 223 0.003 0.27 0.0022>>0.337 0.6l
Nov. 2-Dec. 1 30 156 0.006 0.33 0.002>0.426 0.76
Dec.  2—Dec. 28 27 39 0.03% 0.81 0.002>1.056  1.87
1980 Dec. 29—TFeb. 1 35 75 0.016 0.43  0.002>0.521 .96
Feb. 2 Feb. 29 28 22 6.071 0.86 0.863 0.262 1.99
March 1—April 2 32 149 0.012 0.45 0.022 0.419 0,87
April  3—May 1 29 113 0.027 0.49 0.014 0.353  0.86
May  2—May 31 30 144 0.043 0.47 0448 0.237 115
June 1—July 1 31 163 0.015 0.33 0.136 0.259 0.72
July  2—Aug. 1 31 179 0. 005 0.32  0.002>0.561  0.89
Avg.  2—Sept. 1 31 95 0.020 0.54 0.0023>0.383  0.92
Sept. 2—Oct. 2 3l 198 0.039 0.34 0.177 0.282  0.80
Oct.  3—Nov. 1 30 120 0.008 0.28 0.016 0.206 0.51
Nov. 2—Dec 2 31 116 0. 090 0.31  0.016 0.18 0.5
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Table 3 Monthly Amounts of Fallout Nutrients at NIES, Tsukuba
{mg/m? - month)
Tota! PO.-P NH,-N NO,-N NOg-N Total-N

1977 June 3.04 (3.04) 77.9 (77.9} 0.64 {0.64) 13.6 (13.8) 92.1 (92.1)
July 1.48 (1.43) 66.3 (6472) 1.11 (1.07) 27.1 (26.2) 94.5 (91.5)
Aug. 3.27 (3.16) 77.5 (75.0) 1.1% (1.15) 187 (18.1} 97.4 {94.3)
Sept. 0.48 (0.48) 39.3 (39.3) 2.86 (2.88) 17.6 (17.6) 59.8 (59.8)

Oct. 0.88 {0.83) 16.2 (15.2) 1.47 (1.38) 81 ( 7.6) 25.8 (24.2)

Nov 4.33 (4.48) 385 {(39.8) 0.84 (0.87) 14.6 (15.1) 53,9 (55.8)

Dec 1.23 (1.32} 20.0 (2.4} 0.14 {0.15) 5.1 ( 9.8) 29.2 (3. 3)

1978 Jan. 2.25 (1.99)  30.7 (27.1) 1.13 (1.10) 14.1 (12.4} 45.9 (40.5)
Feb. 3.40 (3.52) 25.0 (25.9) 22.53 (23.31) 18.3 (18.9) . 65.8 (68.1)
March 4.72 (4.72) 56.2 (56.2) 1.15{1.15) 25.8 {25.8) 83.2 (83 2)
April 6.91 (6.69) 60.9 (58.9) 0.85 (0.82) 26.5 (25.7) 883 (85.5)
May 4.30 (4.30)  65.% (65,9) .80 (0.80) 33.4 {33.4) 100.1 (100.1}
June 3.44 (3.33)  43.6 (42,2) 0.72 (0.70) 29.6 (28.7) 73.9 (71.5)
July 2.46 (2.46) 14.1 (141} 0.51 (0.51) 16.0 {16.0) 30.6 (30.6)
Aug. 4.54 (4.44) 3.5 (3.4} 0.11 {0.11) 0.98 (0.95) 4.6 { 4.5)
Sept. 4,23 (4.23) 66.7 (66.7) 1.31 (1.31) 47.6 {47.6) 115.6 {115.6)

Oct. 3.19 (3.09) 36,3 (35.1) 0.94 (0.91) 27.1 (26.2) 64.4 (62.3)

Nov 3.24 (3.24) 6.8 ( 6.8) 0.5% (0.59) 15.7 {15.7} 23.1 (23.1)

Dec 3.24 (3.60)  26.9 (29,9} 1.56 {1.73) 10,4 (11.6) 389 (43.2)
1978 Jan. 3.48 (2.98) 7.6 ( 6.5) 0.47 (0.40) 24,5 (21.0) 32.6 {27.9)
Feb. 1.31 {1.19) 50.5 {45.9) 0.30 {0.27) 41,9 (38.1) 92.7 {84.3)
March 159 (1.83)  44.8 {51.7) ©.53 {0.61) 22.2 (25.8) &7.5 {(72.9)
April 2.35 (2.27)  1.13 (1.09) 0.28 (0.27) 92.0 (85.0) ©03.4 (90.4)

May 1.84 (1.84) 3.34 (3.34) .50 (0.50) 97.2 (97.2) 101.0 {(101.9)
June 3.43 (3.22)  2.59 (2.43) 33.3 (3L.2) 27.4 (25.7) 63.3 {59.3)
July 2.38 (2.46) 59.6 {61.7) 15.2 (15.7) 68.5 (70.9) 143.3 (148.2)
Aug. 3.17 (3.07)  45.8 (44.3) 0.14 {0.14) 73.9 (71.5) 119.8 (115.9}
Sept 1.79 {1.73)  79.7 (77.1) 0.30 {0.29) 106.4 {103.0)} 186.4 (180.4)

Oct. 0.67 (0.65) 60.0 (58.1) 0.45 {0.44) 75.2 {72.8) 151.6 (146.7)

Nov 0.94 (0.94) 51.3 {51.3) 0.31 {0.31) 66.5 (66.5) 1181 (118.1)

Dec 1.48 (1.64) 31.6 (35.1) 0.08 (0.0%) 41.2 (45.8) 72.9 (81.0)

1980 Jan, 1.20 (1.03) 32.6 {27.9) 0.15 (0.13) 39.1 (33.5) 7L.8 (61.5)
Feh. 1.56 {1.67) 18.9 (20.3} 19.0 {20.4) 576 (6.17} 43.7 (46.8)
March <179 (1.68}) 66.9 (62.7) 3.28 {3.08) 62.4 (58.5) 132.6 (124.3)
April 3.05 (3.16) 55.4 (57.3) 1.58 (1.63) 39.9 (41.3) 96.8 (100.1)

May 6.19 (6.19) 67.2 (67.2) 64,5 (64.5) 34.1 (34.1) 165.9 (165.9)
June 2.45 (2,37} 53.5 (51.7) 21,8 (21.1} 42,4 {40.9) 117.8 {114.0}
July 0.90 (0.87) 58.0 {56.1) 0.36 {6.35) 100.4 {97.2) 158.8 (i53.7)
Aug. 1.90 (1.84) 51.2 (49.5) 0.19 (0.18) 36.4 (35.2) 87.8 (85.3)
Sept 4.21 (4.07) 33.9 {32.8) 19.1 {18.5) 30.5 {25.5} B6.4 {83.6)

Qct. 0.96 (0.96) 341 (34.1)  1.92 {1.92) 24.7 (24.7) 6D.7 {60.7)
Nov. 10.44 (10.10) 36.4 (35.2) 1.86 (1.80) 21.3 (20.6) 59.6 (57.7)

(normalized value)
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Fig. 9 Variation of the amounts of tota-P and total-N on unit area from
atmospheric fallout
#F 4 BEUEEYYOAMFEERTRL Z0EEE L EREEERETA
Table 4 Annual amout of fallout nutrients in unit area at Tsukuba
precipitation Total-P Total-N
1§78 Mean menthly amount of 77mm 3.8 mgP/m¥month 60, 7mgN/m? /month
fallout
Coefficient of 58% 31% 52%
variation
Annual amount of fallout 92 0 45, 6mgP/m* /year 728. 2mgN/m’ /year
in unit area ‘
1979 Mean monthly amount of 106am 2. 0mgP/m® /month  102. 6mgN/m* /month
fallout
Coefficient of variation 50%  40% 33%
Annual amount of fallout 1, 275um 23.8mgP/m* /year 1, 231. 1mgN/m’/year
in unit area )
1980 Mean monthly amount of 110mm 3. Omg P/m* /month 92. ImgN/m? /month
fallout
Coefficient of variation 42% 86% 49%
Annual amount of fallout 1,315m  36.1mgP/m?/year 1,105 3mgN/m’/year
in unit area
Mean monthly amount of 98%mm 2. 9mgP/m® /month 85. ImgN/m* /month
fallout
Coefficient of variation 50% 52% 45%
Annual amount of fallout 1, 170mm 35.lmgP/m® /year 1,021.5mgN/m’/year

in unit area

—39—



2.01 -
L L]
- L
.
’: . . .
? 1,01 [ .o .
= - "t e
E o . -. . o® —* 0,57
.. L] t. I. + »
.
N
0.05 0.1
Tl P 4wl )

10 BFHROTotal-PEE & Tota] -NBIY & DBRF

Fig. 10 Relation between total-P and total~N

L ]
L]
150 4 . .

-

.'.

-
~ 1004 an .
£ ) . . .
2 . Soe, .
o4 .
)
3 .
; L .‘ .
e
& -
5 . s ®
£ -
X

.
100 200 30

MoNTHLY PRECIPLTATION ¢ mw/woNTH )
M 11 ARKE & BAETA D OTotal-NETH & DEARF

Fig. 11 Relation between monthly precipitation and amout of total-N on
unit area

OB LTI RAT 5 EEATa 5 BRI, A8 145 OFAL & HTRELLE N —
F-THhHY, BREHSOBTOHB LS > TARBORE 2 2R T 3LERBTI R &
LIW—)'CJ:L‘Q

(4) FUKROFEBERIc>NT .

RO ABLBNT, HKO2PENNE2 L 5 2 BBATKERER 2T, 3»HE

—40—



e

X 5 EEfEEEs L KEEA~OFERFREERTR

Table. 5 Annual total amount of nutrients fallout in the watershed and
water surface of Lake Nishiura

Watershed Water surface
Total—P Total—N Total —P Total —N
1978 73.6 ton/year 1175 ten/year . 7.8 ton/year 125 ton/year
1979 38.4 1987 4.1 211
1980 58.3 1784 5.2 189
mean 56.7 1549 6.0 175

6 MAKAOREEAE R L ORKICL 5 BUEMEY Y O AMRBESR TR

Table. 6 Nutrients in rain water

{mm) {mg/1)

1980 Days precip. Total PO+-FP NH+N NOzN NOs>=N Total-N
Sept.2-Oct-4 33 108 0. 004 0.212  0.013  0.183  0.408
Oct.5-Nov.1 28 120 0.002 0.208  0.009 0.169  ©.386
Nov.2-Dec.2 31 116 0.002 0.165 00014  ©.134  0.313

{mg/m¥Ymonth) *

1980 Sept. 0. 35 19.5 1.1% 18.5 37.5
Oet. 0.30 27.2 .18 22.1 50.5
Nov. 0.22 18..7 1.59 15.2 35. 4

¥ normalized value

£ 7 Wkick 3 HERTREEEOLRTYHO AN FEERIcN T2

Ha

Table. 7 Ratio of menthly amount of the nutrients in rain water and
those in total fallout in the unit area

Total-P NH «H NO -~ N NG =N Total-N
1980 Sept. 0.09 0.59 0.06 0. 62 0.45
Oct. 0.31 0.80 0.61 0.89 0.83
Nov. ¢.02 0.53 0.88 0.73 0,61
Mean 0.14 - 0,64 0.41 0.75 0.63
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A Study on Lake Evaporation

Twao TSUCHIYA! Kunihiko SHIRAI'! Keiko MASUDA! Takayoshi KAWAI;
Hiromasa UEDA? and Ken SAHASHI®

Abstract

The evaporation of Lake Kasumigaura is one of major regulating factors in
the water balance because its small depth (mean: 4m), and the evporation is a
main factor in environmental considerations of the water pollution of this lake.

After several examinations of many estimating methods of evaporation, we
adopted the use of pan ratio to the observational data of Class A pan near lake
from July 1977 to March 1980. Estimated annual evaporation amounts are
ranging from 1.20 X 10° tons in a wet year to 1.47 x 10® tons in a dry year over 220
km? water area, These estimations are rather small values than old estimations
of about 2.0 x10® tons.

Further experimental examinations were progressed about the wind tunnel
experiment which aimed to explain a quantitative relationship between wind
speed and evaporation rate, and several experiments of short period evaporation
observations were carried, and these experiments included some new obser-
vation systermns.

We examined several practical climatological estimates of lake evapora-
tion and suggested the contribution of the wind speed near water surface and the
reliable water surface temperature and proposed the use of rinsed Class A pan
observations in a waterway from Lake Kasumigaura.

1. EyAEHRR SEEER  T305 KIRBGHHE S H Iy
Environmental Information Division, The National Institutute for Environmental
- Studies, Yatabe-machi, Tsukuba, ITbaraki 305, Japan.
2. EuAFEWFH SREHRTE
Chemistry and Physics Division, The National Institute for Environmental $iud-
ies.
3. EMAEMEHR ASRES
Atmospheric Environment Division, The National Institute for Environmental
Studies.
4. EIUAERHETEE - Troo BRSSP 1I—1-1
Faculty of Education, Qkayama University, Tsushimanakal —1—1, Okayama
700, Japan. ’
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27T, S:ikombE, A BUKG, EEFER, R!BKE, i REHSHOWHK,
Al MoWEBER Q: #MhooiTTARER, Q! M~OHTKRAR,

k- THlh 6 0D, BOKNERE STOEERBEETH2 L Bbd 3,
INHGREORT, EHMELTOSE ALUMIT, RE WEHENRZEE D 2BEOMER» L
Th, EAE L LTHREMNEFBOSVIONBONLY, Q- QIO TREDD TEHETDHY,
Erfie> W TREEEICENZEL LS, rO0EBAVBHCLRTE, & L, E&filton
TOEFEOKEG LN, NFERLLTOQ-QEZEINERWVWL LIS,

K6 OEEREDEHTE R, EANGREEDOPNTHOE2AET 2 vl ci e LT,
WSOMOREHEMBESAT 3T, HEHEIRARL T, #&FST (evaporation pan) i k % #HlfE
BB LRBER TR 2 0L, BeRES 5V idRKEOBIE 2, K, BEZO
D BEBRXCEMALLHA L TERICL > TRDZ b DLILFTHN S,

BRI TR ENE S ORE & mREREO R cEMN LORE B2 i, B TRV IKE

I EERA L FREERIRR & LT DClass A paniC X B EMSE LTS (Hounam, 1973 ;£E - [
3, 1979 ; WMO, 1976), BIYED & ¢ AClass A pan2{ERAT 3155, 0.6~0.8DERLH T3

EWBOY, CORBORTIIHASBETICL > TRSsNN DI T, 3Lk TR

(téidﬁ%ﬁ%mﬂﬁéZHﬁMSMw%ﬁﬁkﬂtbiﬁﬁﬁ,ﬁﬁ?@%ﬁ@ﬂ&%mu
HOFB (12 & LGKREECAREUNOMESE L &) THORRREIEE NS LHBIN
LDEOHEBTRDLNT 3T (WMO, 1976), Lizhi-T, BohrFE0d & tRILTAE
BV LD EOABDT, ARCHT 3 ERLEL 1 ERBHUCBEROLRI ST DBATOD
EREPRATICLR LT, FHOBMPETIT 2 0ESH 5, ﬁﬁ@ﬁmmwemmaaca
u,Eﬁmﬁﬁﬁﬁm;ariwaﬁiﬁwmﬁ%&%¢at@t%zsnau
Ry s OHERRRE2ET 20 KEA L LAER, £9HEMOClass A panick A8
FEE g, F1TL TRRMEERROHE 2 - REHEN 2 E L T, %ﬁaﬁﬁ%iw,
bHETEBOETROIERE TN EBRT I ETH A,

RAISAER T8 o M KEERHOERICL 3BT L, AAAKClass A pan® BB L, A&
ZORIGIE R EEL - FHERICE 2BRBEZOBBIICINA, SHBOXKRLUET 2 inEL
pnr2BolEE, T80 (EKk#EHEH(Fujita and Honda, 1979) &MEM i H 33
FHEFA ML, CHLOBAREERROBRICL - T, Kl o OEREIEYT 2 E/OE




B DICOVTOERYBPETT 5L LHTE 5,

2. BrAOWEY S ORRER

(1) Class A pan®EFEEH

AEE AT VI Class A pan CRBEHEID 2REB L T, 0.6~0.8 OfRE % RiEiE 1cE
LT, [EVKFDL 6 ORRBICRET 5 HEY, 19777 ALUKERL T 505, 1978ESHIE T
DORIEAEE (18 - gFF, 1979b) 1CnA T, 19784 6 ALBRE L ITRT L 5@l y i (FEE) ©
bR & BRI RTRAME 2 RE LT, .

FIERRAE FIH PR KRB & TL RIS S IL 0 AR D 117 % 19 TR M & AT L B 3,
MFICIEBS L U TOM BB S 0, RERSRT OBEIE BAMOERER: L ToNR
BEBEMS A, MEERIIFICEL, BhitoErsz{LrbtitRELtEREINET L LT,
HRDOHBEROLBOLE : BB OFW EFOATRECHENELTEBELLEOTHS,

DK I T ICBIRIR (p. 122—125) iTid, HEEEE LT, HESTRHEAFEICH 2
SR ORREELRAICH T 3 RAA BLA~ TR Uz,

SEIT O #EtE (REUT, 1973) T, EFEEFIKE TORKOBE, HIHHE TIREFELh -1
bOLULTHEDOLRTVE, By BORRBELE TR, TEANURBORREPRAEA 20 Y
LIzDT, KOS BB ZASRITIAET 5L 5Lz, 27, ArOBRERLY
b ABIERESZBLEOT, KHEOKACEIEAE CORTER VLT S LIz, X 51,
Bl tBRNIEORES, GOBRME»LHEEEVARBESE 55, 215, 19786 ~ 8 Az,
BRBMOTY, FHER, &L rEIAEREHOREN L LT CHY, BEL» L OEAER
BEEICAV IO, 197THEI AL TA S, 20U, AFWTHHAORMEBRIIZEIEL,
R AR BREE 21T, FREHPAEE =2 ) LSRR M O—EIRE LR R
OFEFHic L 5 HBAERER2EZFIE> L it :

BEKL) (p.122—125) i IX19784E 9 H ~19804F 3 Biz-00 T, REF, WKEES & VLR h D

AORERERES 1 pERATOE LN TRULI, 19774 7 §~19785£8 A DIMEMIANICRERE LI
He (8 - HFE, 19790 L O TEIEL 12, K 2 1319774 7 B~ 1979128 D F T & DY

28 (HEA%E), BRAR (TAKH), WRAr s ORMERERELRTLILOTH . HHEE
RE LY, BEELHEMO19774E & 0T H B 19785 TR IRV, 2N EFhOREBRERED
S, 197748 7 A H52.5mm, 8 B 1. 5mmT A A0 L, 1978w 7 B & 8 Al 103, damT
Hh, B, CO”2CHEYT 2 HEOENBXEREL T D16 0T, BEHDIEINT
BHLIZ,

197D 5 IO AR T B A 1B NKER E BB IC & A TLR @ 2 R TOME S IEIE b,
I S e E B A OWE 2 OROKE R RET 5 C X MBI » 12, Bl 5 RRER
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Fig. 1 The basin of Lake Kasumigaura and meteorological stations

ELTHBKRLULMEELS/ZVOT, BN SSE CHEOR OIS 388 ENT X
B TH2H, —MICAKERADIZ Y BILFEER¥EL VRS LLVHHOW L S 2 51T 5
CENTER, ELEDLELT,

1) BIRIGEVPIKEOE 5 55, KOKRSE 2, FRIPROAERMSE L

2) MARPEEEETIZE 5 BN THREO SR CHBIC L 2 HEHBE S A X {, A
B2 I & 2 IR DIZ 5 pR & S BTTREMEASE ¢, 2L T '

3) HEQRROBHIZ >V T, KT HSEEARO LMO8E 5 5HEE T 2 & HE s/
H %, KEOMAD 5 B LI ELEAMEA TH 0, LR Tk, Zedkibl;, KEHO
059 2RENHAROBEL VAI VI HEREBLET IV ATENSEZELONS,

L) 2o Th, 7ok A, B oBRDKB (EEFEEM) HIERE T, 1979F 1 BoES, PIKE
TIZEE 2CIKH UITEFHE TIRLTCTHh B, 2) £ 3) K2V TIREENBERR 0N,
iﬁ?ﬁ%ﬁ%@%&i%ﬁ%ttf% EOREERT~ELOEELILNS,
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Fig. 2 Mean daily lake evaporation and mean monthly air temperature
and monthly precipitation from July 1977 to Decembcr 197% in the
basin of Lake Kasumigaura

{2) BEHEEOBK

B TV RBIEFES CHIE Lo 83N, WIHATERICHRE T 57290120, 6~0. 8DIRE
REFLCENTMBLE LTEESATVAY, ZOBRMIERKED S & T/M S (EEEED b
ETHAERLRALAZINTVANEUT, Aol W TOREEOSWREBSALNT
WADU TR, _

HAOSE, B4E 1 B25~260 0 I R TEARS EM UL [BREERARERE] s
BEEE LTHINZ DI [WbWAAE L FIFN B Class A pan& $i S OHEFEROFM 4 It
BHKE, VRS OETRIANT 7208, ZHUCL UIKETH - 12 3 EEEZHO D
KEBLME SR L DR >T ] (BEBEE p.54~55) LT INT VA, TOBEIFHEEY
0.772 N3 2 T B h, 20BBEISNEES BuvohTna [H LSeBaEl (K87, 1971)
T, o WIADES PEEIC L > TR DI 5835, WK E KEHREHO IERFR T
0,72 LEBEINT B,

ChSRBICH>WTOEATORITMHFILITEALTOh TV E D120 T, FEHEBIFHA D
FHETHELHAHEL2RDELLEEHIT LTS, L TERATOEE (LB - B, 197%) Tl
LI ER 0. 82 EANCA VS C it L, 545, 1 WWIAR - FHHE L LIC0.82RUTH
B, BEICE A FBOELEERL TV AOT, (OBEOREMIRECEI KR CL>TH



£ 1 19777 B~197T¥E128 OARIFHS (Class A pan) KL ZEAILH
riEMEERRORT

Table 1 Monthlly evaporations from Class A pan and estimated monthly
and mean daily evaporations of Lake Kasumigaura from July
1977 to December 1979

Tokyo ! NIES Tamatsukuri Edosaki Lake

(OMARZT) | (BaaFZsh) (A K &) | GLE®ASE) month  day

1977. 7 119.4 - 97.0 77.6 2.5

8 77.3 59.2 47.4 1.5

9 89.0 67.6 . 541 1.8

10 64.4 40. 9 320 L0

11 50.8 33.4 2.7 0.9

12 37.5 17.6 4.1 0.5

1978, 1 6.8 25. 4 20.3 0.7

2 41 30.0 24,0 0.9

3 45.5 59.2 47.4 L5

4 74. 4 63.2 50.6 1.7

5 101.8 86.2 T | 690 22

6 115. 1 112.8 9.2 3.0

7 132.1 132.0 105.6 3.4

8 169.2 130.0 . 104.0 3.4

9 67.7 72.6 58.1 L9

10 66. 6 50.6 4.5 1.3

11 60. 2 37.9 0.3 L0

12 32.2 23.5 18.8 0.6

1979, 1 18.7 24 4 22,0 18.6 0.6

2 48,7 40.3 28.5 27,5 1.0

3 70.2 77.7 57.0 53.9 1.7

14 97.2 90.5 78.0 67.4 2.3

5 117.5 128.1 102.8 92.4 3.0

6 129.6 17.7 106. 8 8.8 3.0

7 102. 0 107.1 86. 2 77.3 2.5

8 124.8 123.3 90. 4 8.5 2.8

9 93.9 91.7 66. 4 63.2 2.1

10 717 62. 4 58. 2 48.2 1.6

11 58.0 44.5 31.9 30.6 1.0

12 52.7. 25. 6 16.8 17,0 0.6
ulp 19971 78611 6916 | 553.4
_Juﬁ‘éc.,.m; " 875.7 823.4 823.4 | 658.8
e 1979 985. 0 933. 3 745.0 671.3
CLINO, year 1062. 8 ] ilbi/}]?:o? : gnzeyia.ns

WSRO BT, 197747 B~ 19784 8 H 13 A\ EIREBR AT, 197848 9 ~12H12
BRAROEER,. 2 U T1979F 1 ~12HRENKE & 1 AEREOFEE I H50.8 24
LT3Rz,




Bo 1L T, 19778 7 H~1978F 6 ADBE553. D BEHEEFER B 4l (Tl 71kme,
ALim3dion?, SHRAAH 6 kin® &5 & GG 9 km?, FHBA, 1980) DR 3F220km® ICFLTHIL M 2T
bz h, 19788 1 ~12H TH658.8ame U THIL 4 TH b, ZLTI7981 ~12A Tl
671. 3mm&PF L THI L5 FH b > & 405, 1979978 F I~ TR AT DE TR DI D P
BIMLTWADE, 3~5 ADHRBEODRGAED > LD EEALND, 585, FARD S
B &9 ADMEA, TRMHRZC T h b K 5 OBRIC DGR, 1980 LIS Diass i1 A T M
T2 0NENH2, '

CCTHEULIIB2T I~ 1#5FH b 20 %iER, TR EELIFLIFH VNS T
EOFhotn 2 (f2e AW, TR, 1977) IKHATHi b Are . M5, NREERIHC &
BRREAKFOFHERBVEME ZOLTHATH LHR.2UI P > TH 5, 1L, MROKHY
B OSEIT, 1966) Tid, NEEHSOMES EBKEL 060~80% A XL EBRLTVADT,
FRICHIT S L, MEARBOREMEML. 2~ 1L 48~ v &b, KERRICESCBEmE
KEgERz ks,

2N EVORERIR, BAODaltonBOERNT, Bt CUKERELEFTERHEAL L

ET, INHRNKOADHE L KERELE (RBAICLTEAGNATLE 3, KEMMFEDT H»
1~ 2mmDETORELTRLL CKEBEILL > THEREBR I AL NS (Penman, 1948} O T,
LOBIOMEPBD T WEER, BEEHREDHEKRE(ThE L IRE S, BRoRAER
T, REKERZOF CTOANRE L 0{EVC 2HBD 6N, BAHO KNG MM CHEH b
HEINTVIH S (10milEULEOCENEL) LhpLVENE S CRASLET T2 &
BE, TEBAM 2B OLBEERICL 2R L OBOVICD VT, EHINICEES 3 VB K
HEOMEEVAETE20XFRICZ B L ¥RETE 3,

12& AiXPenman (1948) MYEM L 72DaltonBUDFEEATR

E=0.35(149.8X107"%:)(es—es) (mm/day) {2}

LIWT, wiKE»0BE 2mOAE (mile/day) TH2H, Hidur=0.T8und WO HEEH %
RUTWVWE, L Tukd/KELEIMOAFETHADT, b LunPBEETRZOEE wOEICE &
DAL, HEREm/day) Ruds 2 m/sOBBTIREI0%ENT 3. 72, el el 2RTHAK
ERE - BRBER BT 32 8MEAKE (mHe) TH2H5, & LAEREOCRD IKKRTHRALR
EF3E, LEF (1°C) HUAKERESTRL 0 {EL- 1158, BELKIECL-TRI Y, X
REBABRBOENGIF (5°C) DL x5R86°F (30°C) TREMENL HLEF (1°C) {EW
BEIRR0% DERERDBEL T 5. LIt - T, RAKEOHESHEERICHIT 2K ELREERR
ThdeAs, BEAEEL TOMER X 6B 4IHTHEMICRN T4, SROYHAFRR
OHEENEY, HEROEL H 2 hE»-LZE0BHIK, 43 CORETCRARERNKEZ ZH



FNEBEDMEL 6 ZDICHT LT C L DTS E LR S,

3. EREOERED

#FEE (evaporation pan) 2 AV EBEAIL, BEDLHOEBOEESEDE DO D
ELT, KEWESNIOD I ICERE BT S NE M SN T 517, KK 2SN
KEIRFE T 2 L0 5 hHH, REMOERFIOMEID 208, THEO 6 DIZERH 0, #K
M6 DBWHEREDOBEZICL S EDBH 0, 12& A, Neuwirth (1973) i o H Y -0/ 4 B F
A (Neusiedl) TOMKEAFG (GGI—-3000) &Rt EDEFEE (Class A pan) t DT8AH
DHRENICE > T A paniZ0. 64O FRBEFINEL CEHBA L, BATIE, A panitflLT,
COL SRR 2 {, BKO LIz UEERFDTERV O 2»b3BETHA (A
BEH, 1959, 1960 ; Yamamoto and Kondo, 1964, 1968}, (L7 & iTiE(1968)HRIMiE & B R
TOEBRBEUMOGRESSME LT, EEE FEKECHT2EROETEOS & 2HIEL T L
3,

FESOAE U EREAT, 2 TEARKBRICEELI0E, BEKFORELEXLIID TS
BT &, HoE ) ARNREROREE 2 ~EIC LIZEA0EAKBORENH RS L &itL -
T, B 2 MBO 2 VB EDOEREI b 2 B EITIC DO TOFES PO 285 L TH A,

ZOMOESFEANL, THOLEHPLE (- B @5 - TELL) pEsfusigscsn
WEFA D, ERNERBEEOTREMHRL T, EEEREOTRELWETAIDTHL, T
Tk, KEQOT 02 KEEL 2508 T & 2 MTEBRB L » TERMIKEDP 5 DERICH S K
EOFNELERIBT S Hik s HASHER L > THAEBESHENT s B2+ 5 650 2
HeERLI

(1) HEEEER

Kgh o ORFCHEE T 5BERL—ERLT, BUBHYS»OBRB2PHET S ], &
AHELTIIBM TS5, BEOBVERSTI L3 2NELBBTIRAV. T TR, A
xB%@ﬁﬁﬂﬂ@ﬂ%%mi6mm®ﬂwgémomr,ﬁﬂ;ﬁﬁ-ﬂﬁ%ﬂﬁmbtﬁﬁ%
ARARICEEL, 2 LRARMERITEZEOTKUIOELLRET 2 & WIEBREEDT.
BIRPICZ&FE:H e DO B BRI, BEREASRBESATVREL, DT hZbO O HHER
RS an i AREBSEE T, 2005#0JICST (BRpFE#ER Ly 4 —-) BI¥EIH 7 7
{4 (19755 4 A ~19804E11H ) RIRFEELIIEYT, BREHOERBVIEOIZDHOD b DT 24,
KESORRSBROFEICEHS%E %, BERHED IR -0, KEMRECL>THE SN
lon-tzle b, HFEHORAFNZBROXRLES WIIFAES S NI,

OUERFEATIC K, KRIEACEERO A ICARE I LBEFR 3N 22, 0mH X 3. 0mW X 24mL O FEHRICE
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FERBEBD OV 6 D&, REER & B 3N 2 KBER > 501 0mH X L 5mW X 19mL, 0§
B b0 H 5, KBEAFEROIOORMICL > T, EHRERICEE S EEL2 —FICL
NESERNMAIEL LN TES, Lbl, ANARTRERB»RES¥2 L, KRENO
BEEEEET 5. LA T, BEKEZBEE L3 0BE, PRERROREE2 —ELT5
CENTED, COEBRTIE, KEIFEFRE (Class A pan | EE120cm) % 7Ki%E20m (4556 Sem)
WLTHIESRICE S, 24C0%OTKETRE L m/ s 2m/s COEMERY b ORFEB 2 BT
L, dbd THE SO KRETONERLEL G BROA DX L 2EETHIEEDHE LI,

KHih 6 DEFETRAEFOBIICL > TKELLOBVKEL OKEDBESTIF 6N 20T, +—
TRE—REBINO b 57~ BB IS T TREORMEDFR 2HETHE, KAUOE(LLERD »
He XL 2HHETARNDORBERRESOLD, ZORAROF 58— 2@ 0um & » FOKES
L UHEOBERETH 5,

19804 3 H27H, ZBHE2EBAMICIAL, $2485E24CH0% O ERBHEAED S LBy, 38
28H20B > S HIE 2B L, B 1EEHE 2 m/s TEOIET, B2EIZEHE 1 m/s i LTHA
20H DD 5 14 F TEIBBU Tz, H— T 24 — ik BRAMIEIX, -1 22 —skicidng
EAMICERESRER TRT A0 T, ZORDREDMES 7V F VRROLHBIH THAL S E
itk -Thans, Rtk 3KEOEEBBHA 12D (WESHicEWAEIERTHSH, EFHEILE
TIRENT L), Am/s UETIIHHEZOMIC L - THESHEIC/L A, 2m/s THIEEII H 3 23,
Y- A7~ | BRICHEIKEEROCLTET AR5 2 & TN KD NS,

AAOEEE, KEFABREZRZN 1B 0T 2EETEERE S ( LTRD I, KO A
N =X o R T B IIHDEGIEENENL0eni]EU LT L TRD I, H3E4RZOHTHY
EhZhE#E e m/s & Im/s DBATHA, BEKAURTFORKEIZR 5 1R LI,

K3k >THBaND X ST, AAEHOemd b EORBRBREBALIOEBETHSH, K
HH> 5 ORFEOBHICL 2 RICETHIEE b, KBHLT2. 7CETFL, KEHFOAHTET. 3T
ET¥T2, COETRIZERE BEROEBEXES, 3TICHL K. FAOBAITIE, BAAKEH AW
HRBIESRHICBWT, U ERUIBRODAEETE, OIS UK ELBFETES A
WHELE, ABODLSZOEETH-TEREAL LW EDEBDbN A,

HA4RZEEE Im/sitUILBETHE. BEETRIZZMEKE LTRPRNELE-TVEY, K
ERHE T3 SCORTRT 2m/s DBEEL VR E {, KEETOKHTIIE. ICOETFRHE LT
WT, BEREEROBEZE7 CltdRhEVERE3I OB AL THE,

Y-IRF -2 ET T, RNHRESH LR T B ELIHEIC 058U, IRORALIE
FRACERPEONIIOT, K3 & 4 IELACHROBHERD 2 MBI To, KRBT

PEORDEY L ZERMICKBMULI QL EALNS, KEEFCH SN2 BEEFROBAN
REHOREZOHEAT, RROBMBRICHHEL, HLOWKEBHTAHIE BRI/ >TF
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B 5 EEER—E (24T, 40%) T LIZEAWNAClass A panh b OHEFILL 5
piE S |4

Fig.5 The water level change of Class A pan resulted from evaporation

A Lican, Bz 28BME VET 500, KEF10ml&ic/ss. KB TOEHRDPH
& hid, B 2m/s DB AWAR FEREHKED 4 7 oo, HE L m/s OHEH 5ol X
TEHEL, ThLUTTHERHOEE LTEE»SORIESict 2 MEick 28 BHE L ORSE
KE->TVAEDERGNA, bL, COBBRMZIINGE, BEROEEZIELNELSHET
AEETFT5RTTH 5, | |

BIAP & BV TR IHEA & QB 5 5%, BIRBRO R KRIE TR AHI & s B
BT 308 55, AREREKES PO L THENE L CHEER TORD P & b HEE
R THERETE, FATREARARORETLOEKAELET I m/s ~ 2m/s &5 BLEAHE
BINBOC L R EEOH L IHET 5 EHT 25, 2% ) HARTORAGRESHILKEDE
ETEBICRESET T3 b O & b5 b5, BASEEE T » %2 BB E N T,
28, BRI ARG 2 RE S 1 BOOERERICTE LT VA,

512 L BSROMIc ¥ — £ 2 % — B HALFT 3 8 CHBREORASE RN L - T, B - 5 -
B —F DR BB HORIER 2T LI b OTHB, BER24CE 1T, HER0%+ 2 %,
3 P 2m/s & 1m/s IKOWTZNZNE 5 %LATHIET 2 3 € & #ilRIc LT RE R
Dizps, COERMEERIELEL THEST X,

2m/s DEERTIE, HERBAME 1 BRI LIKNOEFHV R E 2TV AY, THIIHE
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Pl TORREEN 3 m/s TR & LEES LT W OMIEHORENE - Tt s E
ANz, MIFEPRIARLET I3RBE/NILEY, 1m/sTldL /L, REBERH %5

FTACEMTEN, BVERIZAFERIL 2 m/s TO.30mm, 1m/s TO. 17mm& 72 b, (FITE S 12 HE4
3, ' :

(2) ﬁﬂ%ﬁ :

MELE SV TOARRPEBNTRICY T, $8EHREET2 TS, ©b(EHEOH
D ORT BB, TRIEET 3 BHRO W > bR HIET & 3 BLE I A TEHNLER 55}
i L7z, BUHEBRORE  HEA 7 — M ICHBT AL 586D L LT, SIELRE % A 30
OUEFADORFE L HFEBICL L7 2, BL D ~FEHAOREICE 2 & AT U HKEE
(Fujita and Honda, 1979} OF A+ THh D,

A. PHFEHRB RO KFEAE
REOHEATITE, pan BFORBRLAVIHE, REBGKE 3L, KITHE2H VS
», BPRERI ZMEORE L MIEMOMEIRET 2, MTLRBLPABOECHE &, A%
DEIL P BKEERREE DERAFE LT, HRAKEDELRRETILLHTES, ORI
W, KEOBEHICHE 5 KO HRIER & WBORE7E <, TREOK 3HEICL 2 AFORLY £V
SEELETLC, AEEBOREIISU I ESHEAELS TR TH S, HIEIGE L LR U
CoFay — 9B (BES 0. 005mH,0) P b 5 > 2% (< +0.001mH,0) 2 E B 5.

X 6 RFIEEBORSRKTH 54, WEERBED I, FHEDRNE & AKEY 5 FRIE
Ran b OREANERT S, CR6OREE S CEETEY LTI S ¥ 3 10 OEEK
18 & TR (Class A pan) L 2EKELTHA, HOBRBUMEHRNETH D, KERL LI
WE2amDREY S A BT, BRABROKECKIKELHRTS D, HEKEICITIIES
BT, HHAROKEEIZEFRAUE IRBEEIRTVE, CORNEIRL > TN L FELD
ZAYCHE S 7 — 2 WEROBIIC S 3 MEMOHBEH T T 45T X 5o

EDC IR LI AGED & ERIEIR, #2000m* 2% L BN R BB 5120039 2L
PLEE NG, WEERBOXKENEMTICER T2 ek y, EHKEDTIRAOER I
IHMEATLE S &5 %0, IHzL LOMWETH T, + B LOREZTORERY b ¥ £ RIXS
BLEMTES, CHUCL h, WA Om/s BEORED S & TH, 0. lamH,0RFEOLEL
boEnh, AEFR Y T COERNESERMICITAS,

K7, EBOBE R~ DT, 1, 100em2c LI10mI DK EHAT, KETERE% 1amit L
THORETHS, RRCHERRBE LT3ar - (SHEEPG—W—5GA), ¥ ¥+ 3
¥ 74 et — (FAEHECDA—210A GAIN 1) B OREFE (PANTOS BERETHEITEU—
425D lV/fs.ran_ge) BRI,



D

m-3

X 6 ERERSRE PR UMK AIE R R (e A AR R

A HERERR B | HEEHRNE
CIREES S XRNE D ErEFRAS (A pan)
E : 'HE/KE F, A: Pressure

G : Bottom Pressure

Fig. 6 A schematic illustration of a micro-evaporimeter with a highly
sensitive pressure gauge (=£0.005mmH:0)

AHERBICE > THHARR LnfEE T T2 EE4 Om/sTH 0. 2nm, EEOB S I £0. 0(lmmfBZED
HETHERHEY T30 T, XRFFOAECERICEBETIHE - B - KE K- 15E-
AEL EDRPERDE NIBKEEREPERBE CRAEBEH O I S kB ERELOH
Fef « SHMAONELBRECBORTHETES, 11, HHABOLNEMNS(TERVODT,
WHYOBRMHEREEALL LY, BrOGHAVELLNS,

B8 i, 1978 4 A13~14H, WAFRWNEBRBOR T, BAUEE-FITHE05 #5m
DEEFibH D, EWRETE LTDREIC S B> Td, MB—HMICEARBEOEINS DL HiC
LTt dodd, BT &AW TIHEINT VA LEHbb3,

TO%EI, WMEEHNEREH L UTHTREHFTHS,

B. HERHIZ L 2 ERAE

HHOFXBRIERICE 2 KO BEE A U FEBRSZRBHEIUSH LZODBEKET H 5, EF,
BREEEHIL Y 2 HANEREORE (0.003%) HEALLIOT, 1~ 2FHREOEH[O &
KBRS AR 7, FEL AT AES L CRETERIICE 2 19674 O THEH £ 19708 K D
B AR T OKBRER O B R SHE 2R T VAW (Fujita and Honda, 1979), BHEDHEERE
T B TOBRN» £ T BREROREICE- SO THE U, Y56 L rEUKASITaIE
HIEBECREL TV T2 RFOBE L OR2EEL, ROLIREHLIZ.

ot B RS o 7 o 2 VIESEE —202, AR CEREEEN e R Y- ILHWE
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Fig.7 A calibration of the micro-evaporimeter
(A noisy fluctuation was less than %0, 05mm H,O. And initial shift of
the graph was observed during warming up of this meter)

B EA L TWE LD THMBERIK & 2 REEAIE 2L, Tiod— i X% — e X AR ERES Q8L
ah, RESHTHS, ERVIITHEBE20mE 220D AR 4 L v 7 28O LD B H Lz,
PFRATHEPIR ST = 2 BB BOARERH ORICHRE U R 8 L EBCR OB & OB
WREEIWWRT,
WE, FRICONTIAROEKOE S Q(om?®), BUMHOEFER % 2 (om?), BEDED %0 (%),
BATRERE#® 2 6 (%), BROKADOHE2S (em?) &F3 &,
aQ=b(Q—=z) £-T
z=Q-(b—a)/oBLN A,

AREBEKETRET 5 L2/St i3, CORBREAITR/NISFRLEALIID, BRCE
{25, 000em’ D HHFKE D 6200em’ FODIFEKE LIZDOT QOELEY x K EBEL T 3, QDM
DERKBICH AT KR S0 e 5iTid, Fujita and Honda (1979) OIBRLUIZSHEEMSE A 2
¥, CCTIRAEOEATHRKR2HRL 205 0T Uiz, AEOFFHEEH10m LTOBRE, 3
FE M OME 0. 0lmnLl FTh 5,

ZOFBWRAT, 1REBENY TORERRELS EOREH TCEOLOERNHESTIETHSC L,
B & 2R R RIE I R B & ARERIHOBEIZITZ L0 b o2, REPEMLEO
BARICII I S IcH K DERBHSLETH 5,
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—stime

B8 BEEIHRATREEEOREE (1978F 4 813~ 14H)

Fig.8 An example of a temporal rainfall pattern by the micro-evapo-
rimeter for a misty rain during 13—14 April 1978

% 2 kil 3ERBOBH

Table 2 Measured evaporation from salt water pan

Date Timo o s oamt | cmtbmaen ] Westher

10July 1979 10:00 Fine, humidity min.
11:00 0.3/1h .| 41%, wind mean
1200 0.1/1h 2.2m/s i
13:00 0.2/1h
15 %00 0.7/2h 0.8/2h )
16 . 00 0.6/1h 0.4/1h )
17 :00 0.1/1h* 0.5/1h

27Avg. 1979 | 17100 wind o 5 0y

28Aug. 1979 17 200 2.7/24h 2.7/24h Cloudy, humidits min. 60%

29Aug. 1979 17 00 2.8/24h 2.9/24h | Cloudy humidity min. ST,

* D BHEAREASHPLTEZEpORBEEEL LN,
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4. SREHICLIHERER EOMBAR ,

SR @S EERRE L LT AN (water balance method), 2) B (heat
budpet method), 23) WEIEMHEEHE (aerodynamic profile method), B ¥4 ) BEBER
(empirical evaporation formulae) 1510 BB, HUBDICHBUI & 5 KOKREHETIHF
HATE28RA7 - s PEELFELLOCENEL, 2) &£3) ROoVWTHEHETE2BIEISE
iz (8 - B3, 1979%). 4) OB S kv (Dalton) BOEBHA L LTHLN, AT
LOSEBEEPAVARRTH L, BEH G, 7S5k (bulk aerodnamic method) & 3 W idHE
BN L bR, ERAELSERL ZAOBERESITHH, Penman (1948) O RO FAEERIC
HILEOMELTH AL, W bDaltondHAEFENR S,

Ezf(u) (EW“ea) (3)

PEENCLTL A, .
TLT, HEREZ/KAMLORL Cewd —ESGEOEGOHET L L OE CEH « DEER [ 2F
CTEots s LT3, 8T, Morton (1979) 20t 2 O E @ M2 A L 1252 Penman

(1948) AT D Ak B & E BB L B IE2I AN TR 2#TE L 72Kohler and Parmele
(1967} DK,

Ee=DRwt+ (1 —=D)fu (v—up) ‘ (4)

B TOETICH VS I DITER L - Priestley and Taylor (1972) @3,

Ew=1.26(1+yp/A)'Rw (5)
BPILITHELT,

Ew=¢ (Rwt M) (é)
BREL TV A,

41 & (5T, Eridpotential evaporation7: L, HIFLICKOMLOH 2B SO HEFKE
ThHh, EvidZh B2 EDKEIAELIEZLDTH S, R/ KEOBRENARICE LV LEE
LIS EOMBETE, fudKERHATRE, v & oldKFEE ¢ O%R &5 SR 61 2MAES

TETHY, Did (1+MA)'TEHSINIRTH S, b, ARKRIE ABNELEORE T
H, Mdypt deo (THITI)V/fuTHOSNAMBARBKTH 20, v REFEHERN, rRRE,
o idStefan-Boltzmanff¥l, € dKEHHNE, THREORSLREOLYTH S,

XTI ALF -DEARNTELTD BRI AE - MTHRIFL T3,




A(0.5+0.5¥ +A/A) ] -
=0, 26 +— 2= A=
¢ [1 A ( AR @
M=0.66B—0.44R,, (8)

((ZLM=20)

LEFSN, i dEEETH - Top/vi2B UL, BIARIEESSEIEL L E LBEDEE
DEREHIELECH 2,

(6)ikMorton (1978) 454} (BID R % B3 LT, BEINICAR, 1RIEH & or B (2701
HHB) OB s DBERAGEHE D CHEERREBET 2D RERLIIEDTH 50, HRR
DOFE2 DXBERED b L TOMOTELE OHE LR LT3 (Morton, 1979), % O, IKE
OHETEHRBEMINTWALE T, 2O IRESEHOF TRItOTEICL 2 & octh~ T
i EEBE IS,

FRBUEOHIHER, TabbERREHATIRERTIIZOS { HPenman (1948) DL
(OPOREHRESICLTWAEDT, PenmanDEAN 2HERET 2 04FE S H 5, Penman G513,
SROSKEBENOER S RT, HBESLHKE L1 mEEOR T OEREBLEFT 5 2 & H¥HE
#Tah, EELAFARVKAREOAEN SO TRHETH A L #HEILT, 3SEOHR
T2 5DaltonDWE & VA BB L ZOER L LTOEKNEN SRR X CERMICERL
RN OXEREL, ERVFHLRNOESHENSE . BN TR S - T b DaltonBIORM BRI
Tohh, BNZORAVBRAEEUIIC L 2B L DEGRERE L OBE TR LT,

ZTO®, PenmanDEINE Db 6 FHOLRPUERGHE &N, 2O—WEMEA L1, vy
NOBE S KERESTRICE UL p, AOBEORMENIC OERE LT 5, ;

e, PenmanpSRIEREE & UIoKEOBREIIMSHEEH IC L - T, R ATaE#E ORI SSER
HREETHZEVAAL, 2AKELl mil#E COBRIZMEL TORR I, HESOHFAEBTY
Wi OFETCHEETH Y, BEIURFET IBSRE VT ERBRBLT VS, £, KEDE
BOMEIURKET ADOT, WIC—EDRMD b & TIERMKIR & Keh EE ORISR b & KER T o
FHENREETCE AL ZEA LN S,

BREROKZBARR TH LN IREEEE, KBLLOWTEON DTV IY, BEFRIK
FOEFFBT A LT ELV LIz T, PenmanDRBEHRB L BN EZRD & 56 2FHT
BRRLTY, COREBRMETHY, PenmanOBEREEIKEH»S 2 mOB s 0RM T/RAE®
FE R EEFICESOTERLTVAC 2RI LTV 5, HOKER Tid, ¥, Rohwer (1931)
DR

E=0.40{e,—es) (1 +0.27,,) (mm/day } (9)

OuedHHEKEDERE S 2 mBEOu0E X» 4
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E=0.40(ee— eq) (1 +0.174,) (mm/day) (10
ELts AT, Bz,
E,=0.35(1 +9.8%X107%,2) {e,—ed) {mm/day) iy

BEZL TS, u idmile/dayTh B o, M#E1, 2,3 5L 4n/sitH LT, (ea—ed) P~
DBEDER0.35 (149.8X10 7 we) HEAFH, 0.535, 0.717, 0. 0VZBI KL BT &2 5. W
Mgtk e{tR T oL s pE#EREET 2 Ldd a0 B TH A, PEIEEEILEVTHEEK
K5 {RAOT, AROSTGZHBABERO L > S 1I0nBORE2RHT 2LV ERBOET
BHh, nkiid, HOEERESME 1 m/sTHE6D%, 2m/sEFELI L & 3FERARIZM%,
2m/sTHAD%E3Im/sE BT A 826%, TNZNBREEEELPRFETHI LA,

5. ARBRR EKHE

BT LIS, ey HOBE, FAIERENAEE ST > 2 b L O—FE MicrocystisRR
HEE Y o TEHLNCENEL, 7HIZEOKERESVHRICE - THBESEEICZET L
BRERIENTE H (KAUTD, 1981), TFEHBIOKE O L 7219784 & B SR O197TH O KE
BIEEE L 2OfM LML T A (BEMAEW, 1979), 72, KEIC>WTOREHZIEEL L
TiZans TSI (Carlson, 1977 ; fAEIEA>, 1981) &, YR LICE 5, WEH SHOFE
EFEPDEDREVES BRERIML TS, T4bL, KEFBOREY L LEEE T TK
OA) BEHAOTSHILTHE L 19T FETHE Y R EGE VLW, EORH IV I ~10Hic
DNTHBETTEDIZ I BEV. T, BROCEATIGREARDVTA A L, [RAMMICHRETICHE
BOEATZEH 202128, e LTORKBHICEEIRIS 355, 1050TSHE I h1977EDI
3 &,

Kl b OFEFIE, ABROERRER, TACH T 2 ERBAIG & OPUER O BT BRI DGR
PRTLVEMING L 5, GRUEEHICE S INTIFHCKETSE (L2, RAHEW kgD
HILE B LB L EATH LT NEEHES MR LD 2 23, BREZTERNEZOR %
R HRALIMET Ly KESHLT 20 THEABBORHEE B 2MEOHESRAL TH - LTHR
BErEIALEREE, LIH-T, TEHORHOKBER AL OB T2 b o ORSE %1
BHARZYTH, KEOHL2E 630 TRERED At 2 Hiw/kKEAR2 It T 5. ¢
Shh, HOFERVZOC LIERRILRROETL AR THH, FLHE2E 2INEBER
ThHHEVAE, WO ANE, BRIAEFERECEELTED 7 4 — ¥y 2 BEEAT N
ZERTH A,
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® 9 Jmriicisty3TSI (Trophic State Index | EERB(LRIBIEE) OF
mizs it (faeizd, 198lick 5)

Fig. 9 Seasonal changes in TSI {Trophic State Index) values in Lake
Kasumigaura (from Aizaki et al., 1981}

6. wmARMBORT

FVKED 6 DERB 2B VEETEET AL L by THE T 205, WO KEGEIICHEE
DEOAKILT 2R AEHROPE 2L LTHEARH G, hOBROKE L ARE THNI,
HEAMSHEETHEEALTEVURTH 5, ¥ 3 FROUFEH R I SBT3 1y E FIR BI0
19774 & 0 h BID19784E & 7EfEL 1298, KB EE CRE SN AL 7 il (FMicdLiiZz oft
OHEAREMALT & D) 220kn’ OFFEFHERN2. O 1 oW UT, 1.2~1.50 b - OEEMHE % &
e COETHESREROLEEE LTHEAIL DL b hENC Y, BUTHATHALA
DPIOWTIE S S 512 H { ORENRENTRASLETH D5, F{ ORI ZRTHI LT,
COBEFEENSABEERSTHAEHVHHATEZ,

fo & xd, MRFIS0—334ED 4 MO 1 #51Y 2 BIME I =T K o #K I iR ~ 1 RBID F85E 3
RROEBHITIR, RAOBOAOEEAERE %K 3o & LTWA(BEAFEES,1959,1960) G EO
WA HHEERBEOETETE 6 ~ 803 pHTIRKE EMOI77E & Bicisif 2 FHAL Sonk 7
NC, DTHDITBET, 8 A3t BRATS b, 8 HOFHORTERE dmnbl ke Lo
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(tz & AR, 1977), BRTH A EBTRU TV S,

& 1o, HRIEE L BRIV T, B NEMAE (Daltonfy) & S STHEOE B 2858012 1 4 -
IR (1968) ORM T, FPUERBIKBESER(TLRATIRLALEDLIVELTNS
DT, &5 ILMDENFILPCTOEEH 23D THRELTAT,

M BeAMATREFEOEY HIER 0TV 5 EBHICOVTIE, WA RO HEE O
(rofEnohTi o, EHBEBROKER L H /D 06%2md & RADI2Inm (hFHEM, 1977,
1978) £ TH/E H DEVH D, TOWE, HAMIEPenman (1963) OHRKESOIZEDTH b,
ERAZEONUERHO  OBEEL(, FBOBR CHEHONWHERRL h60~80%EBRTH
BEAIED, BuMERBINT I 2 8E (HHH, 1977) TH5.

ZICEBEWEIYT, T iPenmanD{TRBAIKLAC L 2EE L2 AT, thoAR
RIRALIF 20 2R LTI, WFNOFRK L - T 4 600~800mmDE MG 6N T 5, L L,
WFhOGHE L EHEEOEVEARRONEME  OBEVT b TWELD T, HEEOHEE SR
TanrTVAEDTTHEL,

% 3 HEEERAEEL M

Table 3 Annual evaporations of four lakes
Kasumigaura Biwako Noziriko Towadako
o W | B\ OB (%O OR O8|+ foH M
H#OE R L) 0z’ 35° 50" 36° 50" 4025’
140°2% 136°07 138°15° 140°55"
B ok B B Im 86m 656 m 400m
B 0] i =] 220kt 681 km* 4, 4kn’ 59. T
EO o0 B & 4m 40m 4lm 80m
2% B3 X =H 8.8C 807
FFEREKEE 11.9C 10.0C
O B E & 1.0"m/s 2.9m/s 3.3m/ s
O R R A fit |Fel D03 | 1,637mm 1, 679mn 2, 142mm
B s KRR et | 2 6lgmm | 756mn

1) THEEM (1977, 1978}

2) 14 g (1968)
*
%o

* &

BT L1,

Tkok ok F 1OV (553.4+658.8+571.3) /3

MBS T 17 ke’ DFE 2T Y, KERSE TIRILHE 23 » 1220k’ R LTO

B0 oELEBEEE S AR S h Ty 2n0T, T (HRSE B ©1973~790E

EEEORCERGEINEE, Bt 20K r y BRE2PHEETH, TE AW,
ARTIFETES 2 WIIKIC R~ A 2 DD R AET 500, &2 0 KO EE K2 KIEDECRE




TALI nEBOFOKLERMICHUAAT, T RKERELL2ELTEL LV AREEH 5,
CNLOHEILL - THHE & OBEETEVHEEE>»EICIREHIBHORAMNL LY, &
ETOBL OLEEEI L - T, BOKPHAATIKFD ICEREH 2 ET 2 Y, B2k
Ui oKIBO A TG S € 2R b RO AEE 3N T3 (Neuwirth, 1973},

LDk 5%, BT ZHEMASHELD FEBET YN, BEOKRBNZRM (7o LdAMK
BTV 3RRT 0SS B SEONMERRE) 10, BEXOERSERN /S
BETTTREIC S 5,

Lieddo> T, WEHFERL2FHT 5100103, BOIL ORBKOKEREE 2 RIFLIZE X1
TEILL > THROKEICE &, % CICKRZEREH 23R E U TR (gaiimia e Muva)
BTV, 7 OBEBIE 2 A5 & LT, B, XEKESEOER2ZM U KAERER 2 MV D HE
NeMHRTIOBRETHH LA,

.5 &8

KRR S HIRAKEOD H IZGIENL VO T, KEICHT 2EBREOETEI»ZH AR,
LIzdsi-> T, BKiex U TORBRATROFEICAELOKNZORT, BRBRETSHERERL
55,

RO L TERSATEL VW > OERREEEREHH L2 AT, HRCEHBRED
Class A pan%? 2 BRELT, BFEHOBREGHIZL > TEECERPREL TR ER G2
MY 3 e MV, 2 ORERI77E 7 H~19804E 3 B OB It & - T, FEERE L HIKER
220k’ 1220 TL. 20~ 1. 47Tk o & BE L 12 TG L ( fEbRIF 2@ S bbb,

BRE PR 2 D OMEERICL > TEE & OBERPERMOCRD T, 250, EEERES
PRET A 12D OHMBORR - BNERSICL - T, BREROBBRRILI,

T, BREBFE2REERICE > TR 2 RANTETR 2 ERT 2 - i NELES 2R
U, KERE & KE R DEFEE OR GBI % 1 HEEE B H N S R C & BT,
ZDL 5 LEEXOHE 2 HOKEFMLIKBETOClass A pan®BHlicL ~THBTEC L %
"ELI

@M

COWETHE L OF 2 0EBIEELY, L Ricbi 28 A OB T TIEDORK
H/KBEA B O % 35 L NLFBRNIILEG HFEOT 2 ik, ERERERRiC>WTOHERE &
Ebic, REEEORIIHMODICHERP LTENCE2BHTARETH L, 17, HFICHL
TOE L ORBROVEBAR 2TEAT 312D, FIFIOLCEFAER2HHE L0 05, AREERO
BEEHIIBLTE, AEREHEMREE L CEBEHYOE D 4ic, MTEBOERL
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Hydraulic Behavior and Water Quality -of Groundwater
in the Lakeside Area of the Kasumigaura

Kohji MURAOKA 'and Masaski HOSOMI*

Abstract

‘Hydraulic behavior and water guality of the groundwater in the lakeside
area of the Kasumigaura were observed in nine test wells and about sixty used
or utilizable wells distributed in the Miho model area and the lakeside area. The
purpose of this work is to solve the quantitative relationship concerning water
volume and materials like nutrients between the groundwater and the lake
water.

‘(1) In the Miho model area the response of groundwater level against the
precipitation is very sensitive, and the equation A A=15R, was found between
the avairable rainfall B, for one precipitation and the risen height A% of
groundwater level,

{2) The groundwater level in irrigation term in the same model area is rather
lower than one in non-irrigation term in spite of rainy season, therefore the
uplift of groundwater in irrigation term might have any influence on the
behavior of groundwater motion in the lakeside area.

(3) In the zone of 300 meters’ width along the coast line in this model area, the
groundwater table inclines downwards toward the lake basin in all seasons,
consequently the inflow of gfoundwater into the lake across the coast line
may be calculated to be 54.84m?*/year/m on the average in season. Not only
in the Miho model area but almost all lakeside except for the little part of
westsouthern coast has also the inflow of groundwater as a result of the
observation of groundwater table in the area around the lake, and the annual
influx of the groundwater was estimated to be approximately a percent of the
annual discharge of rivers flowing into the lake.

{(4) The water quality with respect to NH,—N, Fe, and Mn in the group of deep
wells in the lakeside of the Kasumigaura is a little concentrated rather than
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Water and Soil Environment Division, The National Institute for Environmental
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that in the group of shallow wells. The items : pH, (NO,+ NO;)—N, Si, K, and
E.C. have statistically significant difference among the two groups, especially
former three items could be regarded as important items to distinguish the
difference of groundwater quality in those two groups of wells,

{5) The average concentration in the groundwater in the lakeside area with
reapect to the items Fe and Si is higher in one order than that of the lake
water, but there is not signficant difference in other items among them.
However, the concentration of total-N and total-P in the groundwater was
observed to be two or three times larger than that in the lake water.

(6) The influx load due to the groundwater across the coast line of the lake is
estimated to be 0.3~2.0 percents with respect to total-N and 0.12~0.72

percents with respect to total-P of the load due to the rivers flowing into the
Jake.
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Table 1 The corre;spondence of geological structure to classification of
landform in Miho model region
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Table 2

Land uses in Miho model region and the watershed of Lake
Kasumigaura
E ¥ o0 o X R i N
[iA] i} o W [i] | Wom ok
{ha) (%) (km?) (%)
Pijd a2} 753.35 53.8 472.7 14. 8
i 105. 32 7.5 571.9 23.9
% 7 291,60 20.8 560, 4 23.4
K5 T th 72.70 5.2 48.7 2.0
P (Tl 42 &) 16.97 1.4 — —
E 3 31.81 2.3 — —
{t = Hi 102,62 7.3 127.8 5.3
z 73] fti 23.50 1.7 - —
& E; 1,400, 94ha 100 2,387, 2km? 100
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Table 3 The number of households and population in Miho mobel region

A A
it 1 B
H S H
ffnsosE 748 1,592 1,736 3,328
” 51~ 745 1,591 1,731 3,322
" 52n 747 1,599 1,734 3,333
” 53# 753 1,602 1,741 3,343
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B0, HF1~H4 550 EHAOHT Y EP¥H6N, REIFOKERENRL-T VS
L3 THh3B,

HFKOE & & EEENELLNACITIC2VTAS L, RO EMRicd 23 51E, 13.8mg/
ERLEVERTTY, #2 L3, TFAVHRAOEENEOTHCI EME (49~50mg/1)* &
B EFERICEWETH B, A, BRNSE4LRE TLl0~-170meg/I1 ThH-128, 5 QLIERIK
B L (50~70mg/1), Z DR & U THEBRESKE(E- TS, 2O ER, HAFEOHT
KOBIE BB HREVCLETRBLTVWAEEALNS,

DULPO—PIDWVWTH, 1, IS5, FHARIGEA EEMMLRISE L, 0.03mg/ILIFTH
BLEMH, LA, H4RSHTEDE, H2R6BTaLLBAICELILY, 8HILI,
0.25mg/1FEE L 25,

NH.—Nit, PO,—P& AU & 5 SERLIL & KT, L ThFH 214, PO ~PLARIC6ATS
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% 4 EEEE T ABEICRY BT KOBMNEAR

Table 4 Seepage from land to lake at Miho model site

g g|otL. st BAEER | REmE | K A &
dH I v Qu .
53. § 0.51m 2.76x 107 2. 88cm/day 5.19m°/H/m \
10 0.59 3.19 3.33 6.20
- ose 3.03 "3.16 5.69 :
12 0.42 2,27 2.37 4.41 -
540 1 0. 36 1.95 2,03 3.78
2 0.52 2.81 2,94 4,94
3 0.60 : 324 - 3.39 6.31
4 0.55 . A 311 5.59
5 0.70 _ 3.78 3.96 7.36
6 0.26 1.41 1.47 2.64
7 0.26 : 1.41 1.47 2,73
8 0.16 0.86 0.94 1.68 .
Ty 2.47x107* 3 54.84m*/E/m-
Note '

4H  Difference of ground water level between #1 and #2 {m}.

I  Hydraulic gradient of shallow ground water.

v . Seepage flow velocity (cm/day), C

Q. . Seepage discharge in unit coastline length in unit time {m’/month/m or -

)

‘m*/year/m}.

# 5 BlHo#TKE

Table 5 Ground water quality of test wells in Miho medel region

Y

Well pH c-  PO,—P NH,—-N  NO,+NO;—N
' 5 : {mg/1) (mg/1) . (mg/l) ' (mg/1) .
Mean S.D. Mean: 85.D. Mean S.D. Mean S.D. Mean 8S.D,

#1 6.89 0.102 52,3 16.6 0.006 0.008 0.01 0.01  0.04 0.03
#2 7.33 0.110 161  28.3 0.116 0.075 0.20 0.23  0.40 0.39
#3 - 7.24 0.238 142 35.6 0.020 0.039 0.03 0.04 0.14 0.14
#4 6.95 0.150 55.4 13.7 0.135 0.093 0.22 0.11 . -0.17 0.24
5 7.39 0.207 13.8 7.0 0.022 0.014 0.00 0.00 4.94 3.09

#A 6.23 0.177 98.6 47.5 0.005 0.005 0.00 0.05 4.29 2.00
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BHEL S,

NO,4+NO;—NI2UTid, #1, 3, 41303 E A XEM/ZEILHE L, 0.00~0.03mg/]
Thr, 2, 5ACHET0.5~1.2mg/1TH-1d O, ZhLIE. 02mg/IBEREDS T 5,
FTrbLFH2 T, 6FFTNOANO—NELTEEL TGO, 6 AL, NO:+NOs—
NDHEAE L2 h, b ->TNH—NEPO,—PHSEBICEIINLIZE Tz C st s, £1FE5
EHAZEEL CBENSE LD, 5~ 6 i, 5 T9.44mg/l, FA T7. 20mg/ LIRS 25,
ZRUBRELD LT BICHFADPIMOHRICH B L6 3 LIty — it 5 mIE, BIEO
HEPRITVILLWELLNG,

H5 2hR BRI L, Er@OBkE L CBAHFEORRAS —20 (K2) it 2KE1H
UTEMSHOBEIE 2 R pic, ZHABEHEE~ MY » 2 2E" 10k - TR L2053 6
Thie CCTAVIIKEREIR, pH, A% VE, CI°, Ca, Mg, KThd.EBES 5, H1 & 5
rHOBAE L ORFUK, BKERRAK, F3 LHALOMT, BEEMESE N &b 3, 2O
L&t b, BRMNEOHITRIE, BIKEDZEMAEHELEZA NS, - HAFHEIIZEENE IS
LWZ EWRenTHEh, fIFKOFHNE L HIARICT 2 12picid, ZoBfIE-oWT, HERS
Dl GBH LB THERH L ELEA NS,
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Table 6 Correlation matrix of concentrations of multi-components in
ground water, lake water and surface water in the vicinity of

test wells
1 $f2 I3 H4 HA L—1 S$—20

31 1

#H2 0.27 1

I3 0.40 0.47 1

$4 0.27 0.27 0.20 1
T oHA 0.27 0.47 0.53 0.13 1

L—1 0.87 0.47 0.20 0.20 0.20 1

§—20 0.67 0.47 0.27 0.20 0.27 1.00 1

L—1 : Lake water as shown Fig. 2

5—20 : Surface water as shown Fig. 2
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FHrBRIOMBEREEN OB L miEEr 22, HEBICNE, RERE 8syBY
() B, Bis1E, Fifle - 2BaEo o2, MBI A GERED S L 55128 L
EKROELB2ERLTERSQ I DOTHE, CALOBRHMEBD S LM ROMBEE T IO
FTAHDILONTZOBMBERLTiGE~%, BT ICERBIRO ORENR 2774,
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XRELLBAINTARIRERETRT L EH8d 2, LI EIBHEHIIOBAEIRL 2 DEE
Abhd,

OKHETEE

M~ oWEE e v NEE b, AL, BETEptErERicEt. £BRT
fo® RELHONMICHE S R, ©RELBOECHTIRERTEICES, ©XELROEOH
TRPECED, BEE Hn20OU12~15m TFEOPLBO LRESENE 25 TIREL, ©
RBLEONE S S THIELIRE E > TV 5, '
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Fig. 18 Location of wells for sampling ground water in the lakeside area
of Lake Kasumigaura {Nishiura)
B shallow well, @ deep well, & test well.
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Flg.lg Hydraulic gradient of ground water in sampling wells in the
lakeside area of Lake Kasumigaura (Nishiura}
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BE& Lz,

IR T K ORGHRA KB 2K 3 120 icid, 3. 4TBR~IL 5 ic, BRGEELE MAFMAT 5
TKEOREAINHETCH A,

MR OHMERERD 5, BTKIEARAL T CHER, SBOABEORITHEEEAD
h3, COBKEEI, 107 %m/secDA —FTh s, FIdicoTIS. 4 LAEKkC, 6mel, ¥
FE212lkns T 5o LD SHTRDGMANEBRAY 282, 1.1~2.3X10m* /e 25, CO
PEASRIC BV T ORIk i, = FVIEOHES & o8k ai, BKERZEDLS
HER S 0726, 64X 10°m 3 AFIC A~ B LD LRV, WAL LTS, chbofEd, mlld s o¥s
FAKRD 1 BLTFE 23,
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Fig.20 Frequency distribution of hydraulic gradient of ground water in
the lakeside area of Lake Kasumigaura

4 4 FEHARICE BT ROKERFME

TP IANORTAREBER BT M TROFEKRELR 7T CTYT, The Wy 2ERCEYH
MIGicsi? 2 EN 2 ABE2HET 2L, pH7 ~ 9, E.C.300~40048/em, T—P (£ ) 0.1
mg/l, T—N (£%%) 1mg/l, Nad4d—36mg/l, Cal8mg/l, Mg9mg/l, Fel.03mg/1,5il mg/l,
Sr0.1mg/l, K8mg/l& /A, MEMTFREE BT S L, Fe, Sild 1 A4 —HTRKDE M,
Z DM OEEICOWT W I i 2 R T, WKOHBE, PO—P, NO+NO,—Nit, Hi¥) 77
YIRS THBREIANTHEFELTOARBTHE> TS DRI EALLWDT, T-N, T—
P?ﬁﬁﬁao—ﬁ,ﬂTm¢mm,%ﬁﬁ;UUyu,H&AE,Nm+Nm—N,mLfMP
O«—PELTHELTWADT, #TFKEy & LTPO,—P, £#& L TNO,+NOs+NH,—N
EUTERAS, 2575, BMKCHKUTHTROGMT-P, T-NOTHE 2~ 3{FE

£7:P0,~P, NH,—N, NO,+NO;—N, Na, Mg, Fe, Mn®EEIL, ZBHFEA 1 28A,
%bﬂﬁﬁwowfé#ﬁﬁ®N5V$mxsmocjbt#ﬁ@@mav¢Mf$wﬂgmsm
Thaoni®, thodT e, FHRKCH LT, $EORNOMERS, THRIFRG, 1=
D (Fric A b L —+—ONE) ZORRTHIMLBELRIZLIIIDIIEELLNL,
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# 7 FEBFHTT KON EKE

Table. 7 Mean values of chemical components in the ground water in the
lakeside area of Lake Kasumigaura (Nishiura)

pH S.E.C. PO,—P NH~N  NO+NOy-N Na Ca Mg Fe Si Sr K Mn
{uB/m) {mg/1)  (mg/1) (mg/1)  (mg/1)  (mg/1){mg/1) (mg/1} {mg/1) (mg/1) (mg/1) (mg/1)
Mean values 7.37 471 0.213 0.27 3.05 44.3 32.4 10,4 0.32 21.8 0.20 10.7 0.15
Standard
deviation 0.667 283 0.313 .34 5.75 78.4 22.5 11.6 0.43 4.3 0.16 9.7 0.33
Coefficient of
variation 0.09 (.60 1.47 1.27 1.88 1.77 0.69 1.12 1.37 0.20 0.80 0.91 2.16

ITHEMEOHE L 6 HR OB IBICH T AREZE LD 2, T, HAES10m EFOHE
IR & HEEP10m L EDBEWTAAHF B L MBHHE OMICITAA T2 » 2T L icsy
T, Vv~V KERTRUIOOES ThH b, BIHRIMEEICH 2 HE, HEI3itE
BiLh s s Steh T4, ChoOKEE HET A2, KRS, BRSEFEIT-1
JEER DK RSS2 By O TR IC >V TR E 2R D TH S &, RiFH 816 T,
pH 6.83, NO;—N 7.0mg/l, C1- 49.0mg/1, Wi¥ 96.2, £ 0.06mg/1& 75, HM43EY
g, BREROK 7ESBHATHh ot b, SRORFSOELKEE L3 L, 12IFH
FU3FEREEE 2 NI EELTWENE WA B, FIIENO;—NB5, ZDURFTT. 0mg/ldH 12T L ik
HEEEND,

# 8 WRINAEBOBRHEIL IS cEs T st PRy

Table. 8 Ground water quality in shallow wells and deep wells in the
lakeside area of Lake Kasumigaura (Nishiura)

pH*  S.EC* PO.—P  NH,-N° 'rioﬁim‘ Na® Ca Mg® Fe® Si* Sr K* Mn

(u8/em)  (mg/1)  (mg/1) (mgsl)  {mg/1) (mg/l) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) {mg/1)

Mean  6.90 ®2 0197 019 739 41§ 395 104 021 182 023 154 0.10

5.D.  0.46 25 0.364 0,20 727 254 234 51 025 38 014 1.5 0.23
i:?:lw Cv. 007 048 L& 110 0.98 C.50 0.5¢ 0.49 1.18 0.21 0.61 0.74 2.32
Mox 7.7 143 .83 L14 3028 1120 &G 266 1.13 248 0.73 5.2 115

Min 6.13 282 0.013 0.8 0.01 9.8 &1 24 0.03 95 0.08 38 0.00

Mean  7.67 392 0223 0.32. 0.0 459 27.7 10.4 039 241 018 7.5 019

5.0, 0.51 %6 020 0.4 0.27 994 208 145 0.5 26 0.17 67 038

BZT{: CV. 008 065 125 L24 134 216 0.75 1.39 133 0.11 0.95 0.8 2.06
Max o.07 1,370 151 1.9 139 605.0 95.6 759 212 20.8 0.75 33.0 2.08

Min 6.00 45 0.0 0.03 0.00 2.0 02 ©3 0.03 199 0.95 19 0.00

% Mean values between shallow wells anc aeép wells have 5% significance level.

O Variations between shallow wells and deep wells have 5% significance level.



BUFiC, EHA LB & OKEO k2 IRT,

(1) pHiE, IBHPTHYML b 0 RENT, BHFRT AL ) {licd s, MIERIKHARRIGE
TFo s b LRORKNTTH L, A — FOESEBILES v A TEBRELS S,

(2) EREEEE, BREOR2ED L TBHENFOHBEREOCRIPZV LA, T0d
M — 7OTHEICEEREZESH A,

(3) PO—Pid, HFPICEHEMNEOAITE A ETEICEL 20, FATEZ, BHF T1. 83mg/1,
BEHTTTL. 57mg/1 & FER IS Ml % 7R,

(4) NH.—NOFEEI{H iz, FHEOLHWEL, Mrr— FOHEIES %L <V THBEQZEVSH 5,
Thbb, BHEE, 0 1mg/IFTEOEHZ VDY, BEHAK, 0.03~1.99mg/l T THRIL L HLT
AP

(5) NO»+NO:—NOEEE, EHE7.39mg/l, BEHFH0.20mg/1 LB ICKEGESDH 2,
HOHEIING .~ NAE ¢, BOHERECELTRT V3 AR, s FVvBETY A 6010,.°%)
HHEOBE, BAMA?R0. 28mg/1 Tl0mg/1 28 A 3 P 7 0 H 0, 1 mg/1FEE 5> 5 10mg/1
B E TR AL TV 2, 2228, BARTRE, 1mg/1éﬁi531:ﬁum>pﬁ—@, Z D
BEAEN 2mg/ITH A, pHERBRMEEIZ o F LEOMK21TH L, BHELEFBO R
PHETHE, '

(6) NaltB§s 50 7 v — 70T & A EESZUVN, Ko — TRl 2 REN1E
WIsh BIED, EHETRERASme/1 &I HEH 52, A3 20mg/ILLTFTHL,—F, &
FiSEi%e il & U TIERSHICTVY %2 R T,

(7) CaBk UMgDEHMIAZENZ LV, Calk, Sr& IVEMSH 2, Mgito TR, BEHF O
NSy RN L, EHAETREY,

(8) FeDHfHiK, BOHF O AE L, TOHFENTHIZ, NH,—NOZEHELTW 3,

9) Sildg - FEE IR, F22GRT L ) REFPOAHBECRE ST, &
BHEOEGC RS EDH 5, _

10 KOVOEREHFOH 1, HEOTSNCREEEESD 2,

1) Mnid, FelRRCHECHFHOTHSECMEL T,

12 BRIZ, BHALEHR LDV — TIONTHRIHT OB S RT .

WV~ FREb & HPT 255802, Si, pH, NO,+NO:—NTHs, FiidtmoLBIRa%

13, (pH) X29. 26+ (NO,+NO3—N) X0,7999+ (Si) X3.276 — 1344, FEFHF O} BEEUL, (pH)

%32. 71+ (NO,+NO;—N) X0.48434 (Si) X4.088—175.5& £ 5,

HAEOm 7 - 7OREE (F9) 3, BHEBLHO) b 3ILHEBEHED 7 V- FITAY,
BHFDIBHITET N TEHEO IV — FIABI S h 2T L 2RL T3,
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Table. 9 Classification matrix

Group Percent correét Number of cases classified into group-
(%) Shallow wells  Deep wells
Shallow wells , 88. 0 22 3
Deep wells . 100.0 0 38
Total 95.2 22 41

4.5 WTKAROEESLLUU-ORAATWR
LZTi, BEETRONIHTROHAKR, KEOF -5 %6 LitLT, BEHFAOB~
OEHERAR L 2 EHEB L) VARRPETLT, @b o ORAARSR: HERHTEC & &
T3, ) .
W el U THERAT 2T KOBRES L Y L HERIE,

(ME %M UTHAT 2HTAER) X (MTFKMOZEERSL ) V88 x4 MasEET

%%w%ﬁﬁﬁi,ﬂ1MMEEET®M§ WMERLEE)
TEDINED Y, LCTid=1¢UTEALD, B2 %2ELTHAT 2T, %Twmcm
OB DAL 7 DA EOHE FiED b HEE Lz, 6.64X10°m’ /4F L FEERE RO B DE £ #
BOMEMBER S oMELIE, 1.1-2.3X10m? /e 2V A, —, EEHTKORE, Y
DR, 4 4TEE A RO AR ICS U EEA SRS, 1L, BREELTEERAT
BB, RFBOSEE, 20 02 EA 08NS 2, T 7 VKT BEELEES A 034
Y55, NH,+NO,+NO,—N®PO,— PO LD ARG NUER TH-10, Lizd-T, ¢D
H¥E2EMT 2L, REMTRKPOFOAFESERS L 02 v BEE, 202708 42mg/l,
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Water Volume Balance of Lake Kasumigaura

Kohji MURAQKA'

Abstract

Noticing rescent eight years from 1972 to 1979, annual balance of water
volvme in Lake Kasumigaura was estmated. As the income of water into the
lake, items of rainfall on the water surface, inflow from rivers, inflow of
groundwater, drainage from sewers, drainage of irrigation water; as the outgo
from the lake, evaporation from the water surface, out flow of rivers from the
lake, intake of city and irrigation waters were considered. Balancing the
volumes of the above items with the change of water storage in the lake, Table
10 was obtained in the gross.

From the estimation of water volume balance in about 1986 on the basis of
the design of water resources development, which is planned as a link of the
comprehensive development of Lake Kasumigaura, the utilization of the lake
water is to reach up to seventy percents of total income of water supplied from
the watershed of the lake. This condition offers a new problem whether Lake
Kasumigaura would be able to maintain the normal circumstances for servicing
water and natural lake environment.

. KREORE

—OOKBETKNEZ/T 201k, Z2OKETOKOEE 2RINTL L ABNHRLBELILT
H 5o KEORFUD S & 2 KETO NSRRI LERBIC S 5 D125, KOHADHE
DL BHET, FLEDLSETRBL TV A0 2R~ L, BHTHELL L TH A,
X BrfOKNZ2RET 21 DREL ORI E2SEI LY, BHETs 503808
RECSVWDEDT, FIARKLS, MEARRICLS, BEL LT3 2DOBMIBINT

1. BEMAESFAT KELHESE T35  RRSRHES
Water and Soil Enviroment Division, The National Institute for Environmental
Studies, Yatabe-machi, Tsukuba, Ibaraki 305, Japan.

—103—




VB b DO, RIZHEEHEOEE TTUL/,

WM BRI R P S AKEEBIERT <RIBS 2 C L IHEOEETH 3, #<
P HEEMAKE LTRIFI TV A Ediz, bk, THEAKOIUKE S BINT 3 & R T ki
BRI BAETE DB FIFKEE L LT, MR~ OBAREAS S b, 541 KRB

DKBDELTEDOEEERIETIE b Th Lo KEEE L THARRUKE 1983 3 1292,

BEITKE EEHELKBRHRLZTNER LY, 0D EDOML KL AN RN E
HEUTRETHD. zNET TR, MBORKBOEIE, 20KEL RN+ L TEELR
HEEHE A,

BIRIERY R

1 v
r 1 AT 2.2 LA A / ' - |
A —— WA, | ] B
R E sk — R
rmmm/// [ I \\\gmm*
Rtk 2 A BB
1 #okE¥

—BIHIAD KNI IR LIGRT & 5 BKOHA D OREHEL 5h D, LhbOFEITHL
KEZEDLEE, EOL5 TP NBEETILERFELL LTI G20V, B, BB AR
XEVOIBERERMUSZON, KOBAOTL VHIHE, &5 0 ZBERKDL S LA,
FoADBCHIDH D O, FIHAROES AN, BB OBERT, GhROELEERLZTA
o CBECERERM 2R, A2 LG EABENHE 5. BrifoKERERCLT
b, BUKEEOFHICS O TR ORI BEA TAET 2 2@ L 2 hud, fkeicsd 5 kEE
SETRELNZVTHS 5, U URHECREHORNZ#BET 5138, BRSBUENY
BhTIRAV, B2y -V 2ERT AL, MABRL—oONEE ¥ 20 BENEIC X 5K
TRV D L LIRAB, COBBICITMD KIERO B2 /T 3O05BME S h, —HOK
N33R & i Eie, _ :

TrEANRE LT, UTIREEDIOIR VAERBIE UKL TH 5, DI RERm47E
b b BMSAEZ T L Uis, HARMTEIR, B#RY (@ 5) BErHOKRY 2T 3 EC3E:

—104—

v



NEHBETH D, FRMACKR, BrHBOKRE2RBET IO, TTZAKROEMIHEZ S
BELLR2IRETADIFERMTH S,

2. RAAIER

By HOEAHT 2L LONOPR]L THL, EELLFHAIATVABIE L, ZHE, 2%
BTLAMCHCLN TV A UETORENH 2, ZHRBET bR THEEP ST Bty
P, FHRZAP MO LGS, BAFIKEROBRESZ Yick > THEBEIN I ERELERT
HA5,

B I R A M OERRKE ICBIT A ERIAENE, ZHBERE (v, KPR b i
DL H 5, [EEOEHT 2WRERNFOZE (G 7) ick-T, HMW, 1L, SEANEO
mﬁ%%<%ﬁﬁ,B;U%ﬁﬁ%ﬁﬁ?aiﬁmﬁaﬁmw~mEiTMwa$wuﬁm

% 1 BrigsEiEr

& H 1) (2 ) s BN
W m )
i i 167. Tkm? 171 km?
bl i 38.7 34
Nom oW oW 7.3 6
Z )] f@(ﬁl) _ g
(30 { 213.7) ( 220)
(8 7k B 72 &)
B KK
[iic} 4] 7.3m
it b 7.0 7 m
A OB W W 8.9
Sl & # 4 m 4 m
Sergakpr Bt E 0 T.P. +0.16m
MW B &
iz i 138 km 121 km
ﬁ B E _ i
z » s ~ } 54
(&H { 250)
(WIAR 1 gkE)
¥78 (Bm? (5] 43 {fm?
% B @ &) {Y.P.1.00)
[iiF] il — 2} ] 597 Qkm®
= | i — 394.5
AN - S R — 165.2
(h F3) (1, 950) Qe 9 186.7)

HlC [zoft] BEe LTHEBERARIIZ EOmINIEE 205,

#H2 oI (E4) itd b, RN EERESA T 3,

H3 ! coffirMmBEraaTign,

Ha o (ftd) OFFEICI32,169.3kd OERYH B,

Hs D (GIHI0) TRY.P. +1.20md & %8.48(8m* (RIAKGITEMmEE219km®) &
b, ’

—105—



£ 2 BUWmEROERKR

BAT |
BT | Y | mes | Weo | mso | BEs1 | mse | WSy | WS4 | B

FMEE LN | B B 128 | 1,356 1,525| 1,575 1,374 1,023] 1,390
#TAEE /(a2 635 | 1,188 | 1,419 1,558 1,327 - -
Al 1,269 1,427 1,413 — - - 735
+ W 1,026 | 1,227 | 1,294| 1,423| 1,132| 824 | 1,143
W 1,054 | 1,297 | 1,223| 1,965 | 1,323 | 748 | 1,251
T Fky — — - - — 938 | 1,281
i 1,160 | 1,318 1,390 | 1,626 | 1,212| 85| 1,209
(P#) | 1441 | 1,085 1,302 1,377 1,550 | 1,274 | ez | 1,168
AT L) | REE | 1,151 | 1,486 | 1,385 | 1,713 | 1,484 | 1,455 1,603
wramm | # H| 1,181 | 1,438 | 1,430 | 1,579 - — | 1,458
E B 1,127 | 1,467 | 1,540 ,438| 1,430 1,050 | 1,535
(¥Egy | 1,537 ( 1,153 1,464 1,453 L,577( 1,457 [, 253 1,532
SRR i
%ftﬁvaﬁa B OB| 1,591 L,127| 1,467 | 1,540| 1,438 | 1,430| 1,050 | 1,535
M ey | £ 1,026 | 1,227 1,204 1,423 | 1,132 824 | 1,143
#¥2BT gzl {1,084)* — - -, - 538 1,281 | “W%E
T (%) 15221 10601 12271 1,294 1,423 L1320 s8Rl 1,212
mEE LRy | & A 1,181 | 1,438} 1,430 | 1,579 — —| 1,458
HTimW /| B B 1,127 | 1,467 | 1,540 1,438| 1,430 1,050 | 1,535
() | 1,505 1,154 | 1453 | 1,485| 1,509 | 1,430 L.050( 1,487
padiceut ki) 1,127 1,467 | 1,540 1,438 1,430| t,050/ 1,535
(mﬁm} B R, ! ! ' ' ’ ’ '
] ., 613
iéﬁhim%)
1,108 | 1,356 | 1,403 | 1.560| 1,326 | 988 | 1,289
(axa .

H) D BEMUHEOTRRE (IR 5 ) 1KL 3, BATRSTL L CORCRLI 6 DT,

P12, ABIERUTEDEIX (CE5 ) T2 (6 ) K- TV 5, RO D VERET
ABTE & IRISSHE T H O, WHUBFE R HIL 7 A 0 ORRERHIETH 5.

M oEr HIKHRAT 2 KER ERCAR 2 OUAB TaL, — O, HiEORHRY
CHRERPELINVEOSE Y BMABLEALTCLETHY, (TH2) BIhRESTVE, O
FHEABRHO—ES BN AR INT b, SRIICEIRRE 28 U THRIKEATS
EVIBANTHE. b 5—2RNRENTVL S0 ORAE THEM %8 U THRERA 21750,
s oIk L > TBA Lt L, ChPEZB U TEE 21T d - )220,
R ORI 35 & FHIfE /s & OFfYED S IR 2RO THHR 2K DB b D TH 5. (UWS) 1Hh
BV, RRMTEDRIRARSERE Sh1z. £3 OKLM, WRUIEREIC O 2ERLI 6D
Thd, 28, AIAE CIE4) KERSATHWALOREALTWA, #- THEOEEICIL,
HWEER G 5T (HBVIEINRE 2> THAIEOFHL) [lldid 2 bz, WMELmIIE
LTBHINTO S, § bAANEADHIIE, HHKERE LTHHESATWAETH S,

—106—




3

T AR ERE (ARMTE)
itk - kn?, SEHERE D X10°m? R

K (1) (oaks, 6) KEas%ew (32)
‘ TR g | BT | e | B || Y
] 1 ﬁ #= 'l 4.0 6.0 | 1.04 4.0 (5t 3)
zi% F 9.7 .2 | 102 7.4
CRE 3 B 31, S X 5.7 | 0.45 5.2 1
aim T oM - - - 11.8 {8.0) | (0.47) PH3E4)
s om o 2.7 1.9 | 0.49 2.7
R P - - - Le | (L3 ()
i om o 5.2 3.5 | 0.47 5.2
B im0 23.0 | 0.48 30.7
oimm Mo - - - 16.6 | (11.2) | (0.47) FokEUN
Wi & 0| 7.3 52.0 { 0.46 79.3
wim E M| 128 20,5 | 111 12.3
1i% & W 281 | 8 | oae | 2126
3 K 23.9 18.0 | 0.52 23.7
i— s HN 25.7 18.5 | 0.50 29.4
s Ao 8.8 12.9 | 1.02 15.0
iMoo & N - -1 - 8.7 (4.5 | (0.47)
17 8 n| 203 151 | 0.52 1.9
18 | §i Mip o158 2.3 | L1 15.6
19 & wi| s333 | wss | 02| 303
i #moowl o e s | 3.7
2006 E | 3.6 59.0 | 112 38.8
22 W W | 253 18.9 | 0.52 2.5
23;%&-‘%*% - - - 9.7 {6.6) | (0.47)
“H & - - - 157 | (06| (g.an)
Bih B O 1760 1.8 | 0.2 175.7
2605 RO I 180 167.0 | o.64 184.0
iON—1 9.2 6.0 | 0.45 - - -
LoN—z 7.5 5.0 | 0,46 - -
PoN—3 0.4 0.3 | 0.52 - -
fON—4 5.7 3.8 | 0.45 - -
i N—s 6.0 01 | 0.47 - -
PoN—s 19.2 12.6 | .48 - -
fmom | 188 | 130 | 0.66 | 1225 | (165 |(0.60) F(5)
Cooab |00y | (570.0) (1,426.0) | (960.1) | ~
1t 1 I 3.9 6.3 | 1.05 1.5
zik @O 6.3 41| 04z 5.9
3ie @ N - - - 81 (8.2} | {0.66)
4IRS EAR - - - 7.7 (7.8) | (0.68)
siR - - - 36 | (a7 (0.66)
6 iR BKE - - - 1.2 (7.3) | (0. 66)
7 En o - - - 5.5 (5.6} | {0.66)

—~107—




#3 (-oox)
. QLY (r@hs, 61 iedk33en (Gt}
Tl | MO A e | WRATEE | o | ARUTEE | . | HOH
estigt | oy | s | gsdaiey | TR e
gin oM 3.7 5.4 | 0.9 3.4
9 1;1 mn - - = 4.5 {4.6) | (6. 66)
10% o B - - - 8.9 (5.9 | (0. 66) i
1 E%zﬁm% - - - 4.7 {4.8) | (0.66)
ik &N 6.8 4 | 02 6.4
Big BN 39 32.8 | 0.49 52.7 %
wip | 1284 85.9 | 0.43 | 1318
15L< BN 7.1 4.7 | 0.43 6.6
6 @ @ N 184 2.1 | 0.96 19.7
wi | om| o s 148 | 0.48 19.9
18Ik M % - - - 6.8
19 % il 17.7 26.2 | 0.96 16.1
008 @ N 8.2 120 | 0.95 8.2
2 4 N - - — 29 {2.9) ) (0.68)
1 K—1 7.3 4.7 0.42 — - -
K—2 5.0 4.1 0.53 — — —
K—13 9.6 6.3 0.43 — - —
K—4 7.7 50 0,42 — — -
PoK—s 8.7 5.7 | 0.43 - - —
ﬁ .4 57.5 125.0 | 1.41* 26.3 (26.7) | (0.66) F(26)
Eooah (360.3) | (372.0) (360.5) | (300.7)
v | ) 371 I 53 41 | sl 17 'gg’t'g
2l & 16.5 123 | 0.47 16.4 :
ERET S TR TR - - - 6.5 (5.0) | (0.48)
1i5 mom - -l - 0.1 | {23.0) ] (0.48)
5 1l - - - 0.1 | (2300|048
Pog—1 35.0 23.0 | 0.41 - -] -
Pos—2 1.0 0.6 | 0.38 - - -
2 A 83.0 | 0,54 55.4 | (47.6) | (0.54)*M1dE7 )
) (1493} | {123.0) (150.2) | 1(115.0)
a2 | Lesss | 14850 1,936.7 | 1.376.8
JELI{NE4) iLE o TEBLI. AUN, K, SORIEHT (3RS, 6) IKL350THE, '
7 M) ik BHMHH TERRE T L HAKLE §0, :
GE3ERR, BBROMTEEOHMHL (VAS, 6) LA AT, 120 JHORRERN
Tha, .
ibe DRI O HER @5, 6) ’E-T, FEH0.47, b0 66, HLEIE0. 80Ty
Hith# e YT, HLERRIC>OTREITHS,
il 5 EREEEOFRMEE (TS, 6) TREa0.e6ERL 1.
6 LR ORI, GRS . 6 ) DRt 4L & RAIN LD TR & 0. 66 2 MM L 12,
TN oRitER CIRtS, 6) TRIA0MEEALIL, :

—108—



#4  FHrmmARIRE & Mmook R
B X 10 me /i

) (31} (#2)
Fal| 4 & Ty
47 FH47 {48 fE49 K50 Hsl 52 FAS3 Ba4
HE|E M 970 960, 1 713.6 856.2 905.3 995. 6 837.8 5804 768.2 8272
it m .7 260.6 30.5 328.2 196.0 129.0 283.2 8.0 316.9
MR 123 115.0 83.9 109.2 114.5 107.1 106.6 8.2 114.3 103.6

il 1465 | 1,376.8 | 1,068.1 | 1,295.9 | 1, 348.0 | 1,458.7 | 1,273.4 ) W18 ) L22RS5 | 1,477

ME A 8 260 | 260.31 18L.3 | 209.8 | 221.3| 243.3| 193.6 | 1807 | 207.3 208.4
it B 55 54.2 9.2 49.4 50.5 51.3 48.6 5.7 50.9 47.5
AR U 2.2 16.9 2.0 23.1 21.6 21.5 15.8 23.0 21.0

it 339 | 3387 237.4 | 28L2| 2949 | 3162 | 263.7| 2022 | 282 276.9

& % | 1,80 [ 1,715.5 [ 1,205.5 | 1,577.1 | 1,642.9 | 1,774.9 | 15371 | 1,144.0 | L,509.7 | 1,524.6

4 (HES) o,
W ANKER L AETRE LR,

305K, BIWEREREEZRROBAINC >V THEREEELLLOTH L, ZOESR,
FRERTHOM-TWADR2WTRZOZFHAT S 2L, mEI S ZV@Elllicon
Tid, (SCHR5 ) ICROBR S ncTER, dERS, SHRHE OB D & O FgFNEKo. 47, 0.66, 0.48%
FHEE LTHRBRHEE LI, 2170, BRIV TR, ZhPhERBREICE T2 filK s
Flviznd, LHOBRHREL DV TRERM T 1L Z->TVT, ChIRERIRAEVIY, CLTR
MR O Tl 20, 665 A 72, HROHEIL, HOBEE TR ORI 2, KA
i (ENe) OWREBEEEAVE EVIFHENH A, COFEIARUIETHRZV. BHERE,
RO T14. 65fm/4E, AW O T13. 778m? /& L 0 OER RT3, (LR O RiHE
L4ADEOEFEHT s H3REESREL T2 aEENH 5,

POCIEFUSE LG RFISAE S COERARSHE T2 AL LT, K3 OLMTHRE L IIiREE
WemiiEzAY, F2 vHBULLREOHEMR KRS &R DOFRIEE 2HETAI L LT 5,
FEsIZ, REOHEBKREETL, WEPFLICE LD, ROBREMAREENR LTS
T CRLEMSERE s, WE47~54E0 8 EROLHRIE (T#2) TRENRFEIZEY,

3. BEAAODAKR &HKR

3.1 LARBIUIEAKOERKR

By imEAkEE T A LkE B L CTERAKEOHERERE 2, O 6 ) (M8 ) iLd->TELon
HWESDORBOTHE, LOS LAHLOAHEER, B bAGH, BETERANE, By lKED=
DThdH, CHLOEEICL ZBRAGEREZPTARABKRTEDIN TS0, RO
KN BT AR FESTH B, LEM-TZ LTI R Y) W 2REIUKRZ X DT

—109—




FKOWHEHAT 5, ZAUCE B L, BMSMEORGET, HADOIUKRIZML. 258m? Th b, FHEIS0E
LIRRUD 23l > TV 3,

FPRO ETRAKDOTFHEIUKRIE, £50ORBENFT 7 UBLOIUKRITMAT, Brifigsn
RERICE &3 ORBERRERICS 2 FRERR 2 ZBL /2T HUE /2 5 00, (T80) 1k 5 &,
FREIKE 42.92m%/s D 5 b, #ATMAIL23.36m®/s (FKIRIR19. 10m3/s , TEEIAL. T6md/s, FEL
#51.50m%/s) T b, BETIBR TREMBIIEI I Ta2, BT ECHLOBENTRIN M
MELFEZEL, EHEUKRE2HELLOTH 5,

3.2 T#ﬂﬂ%bewmmﬁ
E&ﬁmﬁﬁmmén5MﬁFKu,%&ﬁ@m@yﬁ—ﬁ%ﬁwkotmwME1ﬁu%®c

tf$5cmﬂm@@ﬁﬁm*ﬁ%ﬁﬁ&%&ﬂmﬁﬁﬁote

#5 BETMEKEETAKHEBEE

H E| HIBRKAKE | B A
KEBEE | AME| s BARE | B R “lawmm| n =
KB | gk | wFR |0 m
Lk ) A s 1
B ¥ LR %ﬁ% %ﬂ% : 15,000 2.4?(;;' " ~ T
EHEAED\E W X g 300
A Q)| RN | B . 1501
& B :
& I/ b A1) gﬁﬂg ﬂé‘%% 6005
@ @5 1 dn ?505
w5 kL m|EBE :
i . - RRM1— FRR—-Zih
Tk THERE g:g i 50, 000 ‘20.000i 5, 000 gﬁéﬁ’i BT,
R %1 XEE ‘ o ' 60.000) 30,0000 5,000 S
momkdlm AlfED g .
o e {Eg BISUT 1247 000 | *s, 4505 BA35. 12 m%%g,; ;&ﬂﬁﬁﬂ
o1 ki ﬁﬁﬁﬁggg 175,700 | 42,25 frao. 10 | BEEL
1 2 AR Sk S | 100,000 92,000} 8,000 | 48 10 Eﬁﬁg&
i RIS~
E I nbayid E=F ) 7.200| 6,000 M53 4\l
(kK 3 179,415 1 13,000
G309 i
ERTEMAD | WK% i ;
Tk B1EE: BEEHT. MR _ 9000000 10,000 | R, 2 Bﬁﬂg&
mos kol BB i
AT, WAL _ ; M~
Ik F2EFE ke soo.ooe': LTI Rgid vams
{(TA) it 8000.50 ;10,000
(] it 979,415 7 23,000|

A (mR2) (k6 (RS ) & hieR
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ﬁﬁ_tlm®%7mm6®¢ﬁmmﬁ

Bfr D 104m3/4E
&/ oWk E E%@MM%@% s | HTAE
(5 A | (TFA) | (8 &) |G &) Bt
AEFATEE 1,012 — 169 8,828 10, 009 10, 009
48 1,192 1 347 9, 892 11,432 11,431
i 49 1,239 10 3591 12,422 12,432 12,422
50 1,333 77 400 | 12,973 |. 14,783 14, 706
7 51 1,324 147 429 | 12,641 14,541 14, 394
“ 52 1,488 208 485 | 12,308 14, 469 14, 261
53 1,835 121 546 | 11,276 13,778 13, 657
54 2,046 100 501 9, 941 12,588 12, 488
(3r1)
WOk M g (W OM| — BB ET | BREASH
31 D MESG3MET ABT, £hE LW,
F7 BYELOBUKShABHAK - BERAOTERED
B Bs | 1 ORA| | HYE | T
EAKEBE BRAKBE(RABR|IRKE! B &
m3/S m/E | m*/E | 10°mi/
| BREETORETNR ]
(5 % bAEEE — | 179,415 | *119, 610 43.66 | *(3f2)
BomRRIC L AFRBR A 5.56 — | 480,384 | 175.34
US N 2t 5.56 — | 599,994 219.00
% BAMEBIC L AEER| *17.80 — 11,537,920 | 561.34 | *(3£3)
2k i Exs 17. 80 — | 1,537,920 | 561.34
g | BUR 3T O R TR R . .
£ (F8oomnrEKE — — — %Mﬂfﬁﬂ
Al | ATARIC L AHNBIRER | *19.56 — — | **207.87 hulBES)
IS o 2| 19.56 — —| 47287
=) i — — — | 1,253.21

w1 BRESUERIDTRE T 5,

itz
i3

- #Hd

1 BEARKRED2/3 &1 5,
D#% 5 OEERGE {TR), BRTHEAGEDE 1§ - £ 2 flofkB80Fn (1 38K) &, 840

Fict ARRRMML7. B0m* slzgEhTun 3,

35 D ABLOREEKR,

ite

Dot O I h RN L A,

—I111—

IADLRES - 6 -7 - 88 (Q2BHK) A,




3.3 BERKOR- HAE

B OB THI b & TH b 6 KRB FRL, TOMMKI—TBTRIEFET S §
Db HEY, REFMAERALTWE, CCTRRETHEERNKL, WikkEOLOZIH L
FaA, ZAIIZBOBRIEE EX b, AT T b B OE K R skt & O EK & #Kk
ﬂﬁtaaéawnﬁaeamobtﬁofﬁ@ﬂﬁm,ﬁﬂﬂm,ﬁmm6@mmmﬁmmﬁ?
H 5o TITHFRRNOFE IR A% BUK S 2 AKESREL T35, T O IE ) RED 3
WIESEHSEL 1T A 128, 5 ASTSHIOK RO BUKEFIC B KOS5 T 5 0T, 4 b MR
BAD. L LHNEEKS YBRFKINTHE20T, LOXH»CEL5ORIETE N L EE
ET &R,

IEKBO»ABCEREIR (S11) iz, ZONB T RKEBOREEA»SD I TIL
THU TS, T2bh, ABRRTOIE»M/KEUKOBAKIE S 5535, Hokidioi s 2540 A,
B RN A2 T~ 08Kz & 5 #ilE, CREROELEUK, Kok - THADHAR S
5, DIENIE « BEkD @D IERAKSE b T A TH 5, —7F, (@kL2) KL iud, F
D KEHEHI BT X AHUK - BEKOBRBGEBRETH S Z Mg shTay, 22T’
LROCREZSichl), CBE LT -ROIIATRIcE 3 § O, C,B & L TFHHbOREEKS
Rickdsme Lz, FinMimia: (Gut2) (SU12) ek 1048, e d - TR Hitd it
1/25, 000 #FIHE ([E MW EHRRAATNS24E 4 B F1T) THEEL Tz,

BARCEKDOIKE B L DHRKEIKAOERICL > TAS { B4 4, (STE13) TIRIBEDN
(omDEF VK (B) LoV TEI 2 -1 F, ARZELEHTND, & ORBRE 0
FERORPKEEHET A D BELBEER L L5, LTI OBOMINE% T T 2 ik
ELTHBRHR® E D, ThbE

(UKt r2 i3 dkdt) = (EBGD) X (KHETEE)
&L, COEBA2KEOERBIRETAC L T, £, WKROFEHMRLUTOREY TH 5.

(1) A%KHA

CORKALESEROHNTHEEEZELONS, HAPVIHBEROERES 700mn (2T, WEOH
P ABVCERPORRE LT TEDLT) 2440, BEEELZ800mET 5L, COWES
B OEREE E AR TEPLI C L &g, BEFEIZT00~1,100nd2fE & B2 5N 555,400~
800 At HEIKA TH 5. EREVHENEESHETHOTL, BERIIHE, LA1 50
BHTEsFRCAHRZETH 5, REHKT (OURR 13) OFETILL, 255mm, EH (GeH BT
KHEH) T428mmiECERINTV 5. RBENHMRERTH 2100, LHIZBTRERSNIDRIEE
O LS PLAENEELLONS, DLODT &b 6 AERUKEA00 ~800mnic W+ 2 Mt s L T
4,000~8,000m%/ha% 83%8B 245, T T Tix%DFIHES, 000m/ ha®ERT 5,
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(2) BEKFA

BRH Iz 6 EET LB,

{31 C,BIKM

(>ik13) IR (SREEAIKE) TIRBUKE I 756 mm, (30#R14) OEJEM DIV EALNS
=R T 1,560 mm~ 1,606 im& FTER I N T B, L7255 T 800 ~ 1, 600 nmds S EHUKE
ERITEN, LLTIRZOEYR & 5 T12,000m  ha 2 BHILE T 5,

(4} C.EI7kHMH

(SCHR12) (SRR13) TREA S NT A X 5, REMZTHRARBTS 3 RIBA T ORI
2,980 m AR h B, LIcH o T, T ANTOTHRESREA & FABOIKEYH S &AL TOH
A S 548, CCTIRAMAOMEIZE S /2L, FBA230,000m/ha & AT,

{(5) DHIKHA

COFRIOKEIR (COk13) KA LN A BHKERTREZ ¥, ZOBUKRIZ 314mTHh > T,
BERADERILE > THARZBRERBRBS ATV 5. FEHANL3,000m*/had 55,

SO HEARICEET AN EEAL A0 M- THE T ~NEC L3, 22 TREkOFHS 2 HkE
KEBEERNCLETHD, T/bb, BRILL 2RBKOERRET L, BRHEHE UTTTiTRA
AIIRAR E LTSN TV RTTH S, BEMCIERNED 5 ORHSY CUCESL TL
BEEAGND, LLTHIUKSNIROPES 2FET 5 REMEZEBAS L L1 b, Pl
REODHMIETH - T, Wkahtkzo bt OSHKINE WS DTTILL,

(6) AZI7KH ,

Bekpmoie, BEY 3 BERD

(1) BEIKH

kAt s, PRI T~ TRERRHTH 20 6 ZMT 508120, HEICBRIKEMS 2
ORTERIGRO 120hatZ 3 TH S0

(8) C.EUAKH .

(3THR13) ok A BH/KEOROF »EEIcT 5, COKARHNIDARKET, ERAKEL - Tiz
IBENCOAPASITOIR TS, #~OHKE 670 mdD i3 & A L IXRERIMHIA TH - 12 & Hafd
ANTEYH, TOIZEIITRLIERBOKEI0.66% BV TEHE 21 2 FH96Tam® i1 5638
mmé & {FET B, LIoh - THARE 967 mm— 670 m = 297 mmid, RBEESDPLENEALNALLT
ORBTE, TNTEPBME UTHBaW L AaRINE, CREE L, ERROTESEAADN
Hi->TWaZ tiwih, BIBOF TCHIUKED TRTHEERKER ATV A, LId-T, ¥
D& 5 LKHT & RFEROETERICHAEL, BHEHKIURET 2L AB L TEB, ZLT
T O HKE 300 Famid KB E L THABCIZAEZRNOIRKRTHE LA L 9. 22T
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—RICEFHEHEE 700mns T, 350 mmBEAEFEELS, 3T, CEKETIIT TICHUKE %
1,200mme FELIZPS, Thd 5 350mPELTINT 850 mtSHiKATH 5 & Thid, HKED
JFHAIIE 8,500m%/ha & 83, 28, BESHIRBLULAGNAKHTEIFERL 2iThifn s
20,

9) C.Ei7kH

HOASE R BT T3 U2 HUKE 3, 000 mmd> & 350 % 3L 72 2, 650 mm P HEKE & 222 L, 2 DR
BIfY26, 500m®/ha %185, (3R12) ORBAOH Tz, TR 2, 980 mmb> 5 350 mm#% 3[4 72 2, 630
mmS BRI OHEKT Thd b, FEOHEKER 3,270 mm& D3 640 nmB AR IEHOHEKE & Az e 5,
LOMEIFHHED» RE ARHRST0OmE 3R RE-LEFETH S,

(0 DFIAH

T TR~z L 51T, oKL BKREDCHAD 20,

LLEOFEEA 2 MO TE Y RIEKEORPAKR 2T LIOPBES TH 2, 2. 65Fm  OIUKE
R U, LIMEM*DOHIKETH 2, ZOELTIET200m? BhAd R E > THBY W HIKE
Thd, CREHKRICET L 360mme 20, REBOHKEFRLGIBTH S, AV
ﬁ@wﬁﬁémm@,ﬁﬁﬁ@ﬁ&@%ﬁsmbtwora%a¢5a%mﬁmuwmm,cn@
BETIRESBEDZV, KE»LOBMTHEBRIMBLAREL I Lics, 2, BFEER%
100 mn& B L, S22 & 5 & RHRMREIE 40mme 2 b, COBAICEREHFIZ0. 49850405
RELT&z. WFhiZUL T, BRAOKHEL X3 DL 5 ICHRMHTO. 54, 2010 T0.66
ELTE, REGTFERIZEZ5TH B,

PLEOFUISFEDERG L TiT-» 12 DT 0. (STR11) 0 B 72 & I3ET45~481ED &
ﬂbi}%uwen—cisb,(stﬁls) OREIZHEAI~51FRITON TV A, B EEIDOKHARROHE
Bl IRE T /203, (O ek 5 &, LI AIERE & R AR T O BE ORI,
BR40ED L IS0 EE T T2 N EN2. 4%, 4.0%, BRISOESD 5 BAUET COTFHIETEAZ
N1.3%, 7.5%Th D, MEBBEIRHAESEDL S5 0IZERL TV A KT, 70053
LLTOEELTHZNEOBDERIAELLNTH S5, Ldi-THS OFHIEIZHENS0ES
ERBTEIRLE A,

FROBERKIT, BrilBeERIcL>TRE (HMEAT LI E(THI0) ke, FE
FlKE UTHAOHRKEE19.56me/s #MFET A2 HETH 5. F O, KL D 6 HIX32, 800
hatZf L, LADVEIEE18. 13m?/s (RAKI35.59m®/s ), FHEED 2 #HIK 8, 700ha T L THA
ﬁpﬁ$gL¢hﬁ%(ﬁk%¢mmvw'ﬁééoﬁﬁﬂmﬁu,mﬂﬁwﬁ%sﬁmesﬁb4
H (1238) & A2 UTHGHKERL. 56m?/s TREKT 2L EALSL &, 207.87X10°m® & 72 B,
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# 8 HyEnRKEOREEERIGIKE

# W ] PEBRIR
- RN i T m(ﬁﬁﬁg%%éMﬁﬂmm H |pon # 5
HEH ' (Tm)
A TR (ha) ' : “2)
ARI(FAkDA) | 8932 2740 - - 9.5 - —| 1,176.7
BRI (kD a) 120. ¢ - - - — - —| 1200
C.EI (B A—®Y 3,212.7| 1,139.0| 622.5| 219.0| 456.6| 7,467.1| 2,623.0[15,739.9
*C. R MBATAR) 1,030.0] 217.0| 157.0] 250.0 - —| 489.0] 2.152.0 ‘ir3)
DEU(FEERFIAEY) | 774.5) 494.5| 1740 - — — —| 1,43.¢

i 6,030.4| 2,124.5| 953.5| 469.0] 466.1| 7,467.1[*3,112,0[20,631.6 "4
i ¥ UK ‘(s

{105m®)

A 5.4 1.6 - - 0.1 — - 7.1 6.0

B q - - - - - - 0 0

C, 8.8 137 7.5 2.6 5.5 8ol 3.5 18%0f 120

C. .2 6.5 4.7 7.5 - —| 147 646 30.0

D 2.3 1.5 0.5 — - - — 4.3 3.0

it 77.5| 233|127 10.1 5.6, 89.6; 46.2] 265.0
IR RFE O EREE *(Es5}
KR (10*m?)

- - - - - - - - 0

B B e e 0

C, 27.3 9.7 5.3 1.9 3.9 63.z| 223 1338 8.5

C; 27.5 5.8 4,2 6.6 - —| 13.0] s7.0] 265

D - - — - - - - — 0

gt 54.8] 155 9.5 8.5 3.9 632 3.3 190.8

1 ADGAKIZER FHiD S OMFIAKS B E A THAIR/IZ B-icAhi,

A2 (1) k3, R UUTORIRELII DR,

i3 . TREOKEERND, T (CrEh12) Lb, JEEIESTHG. RERRIR) (FRERRAN) BB,
B 4G, CRERRERD | - SRR (TR E) I TRETE - RGeS T 5,

401725 000t RIAN (E - hIEREIG2E 4 ATEIT) L hRw1,

HS kSRR FSAL R BE L TR L. BRI ACIEIL,

H6 IHUK S NI ROBEARIT & - THIARE (HK) EHEBLTVAV, RO FIZIES L Ak

4. TOMORALR

4. | WEXRE
MERRBEOBETHERE 2 & 585, ¢ L TRENAEIEN TEML T 5 RFHOBMICE
dutﬁ%ﬁﬁwaﬁﬁabfﬁmao%@%&@&ﬁu(iﬁw)m%bwoémﬁﬁm,ﬁ@
BMEO TR Sbe TH I URT.
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F 9 BrEOEMNBRRREH T

(AL 5) (X & §6) SO SER (UML) [ s =
() | 47 50 51 52 53 54 | *52 53 54 | TEEL)
1 2 FE K om
it M| 755.3) 575 | 532 | 479 { 702 | e41
4t | 873.8 — — — — — l553.4 isss.s ]668.1
Wi - 2O 11,083.8)  — — — - —
EAERKRm?
i} | o129 98 90 g2 | 120 | 110 94.6] 112.7| 114.2
1t i a1 — — - - — 17.2  22.4| 22.7
HEBH - 20 | 16 - — — — — 8.3 9.9/ l0.0
i 176 - — - — — | 120.1| 145.0| 146.9

i1 FHRS2EGEE, BERS2ET Hb S HsME6 A coflickS g,

4.2 HWTKREAR

Rl oI S BiciAT AT KBOFRIZED TRETH 205, (S0#h16) widhshi-B
HARRRENT A Litd 5, WMAWMIEHEMSE 9 HH 6 MABUE 8 BE TO—EMT, 2E8H
D E FAHMKIRE TOM FARARK 54, 84m? /5 /m L HEE IR, ChIREKEDMEES
5E, EMDL664 Hm?, dbiED 6411 Fm®, SHRUEZ Ofitde 5296 Hm?, &EH1, 371 Fm® Dt
TRBBHA LI EiRie s, BAANIKE (BFS3E & SUEOTE) 1RE4 L H13.278m° Th
Bhvd, MTARAGIECD1.03%IC%5, '

5. KINEOHEaRE
FREOIFAKEICONTHH L IER2 I 202 &, BrfioERRKINS 2 LTRI02E2, ¢
DRILDNVTORF 2T B ELEUTOL S ThH 3,

B E KR IS KR 2 RB T 2 R SRS A S hERLEHETEAHETH 5.
WIFARR, BHEEKREESHET, BrHOMKebABT ABEERETH 205, (ES5)
i2h & BREBEOHREEDMBEICL » THARPHREINRTLE 5, COEK THRUEOZHEMES
Mbhad, BBECOEE2ET20R3E L 0. BN TREERACHEHE2FE DU TR,
Z DEOSB AL SEBIANRITE - THRIBESE 2 alietibih 5, 12 FS O HTF K oK
Tk, HFKBKHED S RENCHRHEOELS H i85, RIWRShBAEIL, 2013
A EDHEEMIE & FA G N, BRI BRFEORKERL SEAMS AR & 50
T, FREAZHHELZREL LB TH L. B, 5%, BREETHRES RS hiud,
Hkogir T vEMica A, NThictd, HERORBELUIRSE L Fha izt 1o,
HTFRBARAHTROBESFUW TH B 100, HEEDSEBITANS AR TH 2,
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# 10 KINFEHEEE

b, B
(it 5 ) A EBTOFHA BUE | &
BT
B4 B o428 48 498 50)8E 51 8 528 5389 54 gt (1)
EBAKR(FEPE o | 1,523| 1,523 | 1,108| 1,356] 1,403 1,560| 1,326| 988 1,289| 1,319

1. ¥ E M AR 3.30| 3.39) 237 2.81| 2.95| 3.16| 2.64| 2,02 2.81| 277

2. @ MOH A RE| 14.65| 1377} 10.58| 12.96| 13.48| 14,59 12.73| $.42| 12.20] 12.48
B s wFAmARY —| o0l4| o11| o013| o13| 01s| oa3| ocs| eaz| 013 |z

4. ME‘FMF?RQJ - - - - -~ — - —| 0o05| Lz
| 5. BERMRKE —| (o) {1.e1) {1.9) wlnm)um(m1um_Lwﬂ%Q)

1, 2, 3ou3h | 18.04] 17.30| 13.06| 15.90| 16.56| 17.%0| 15.50| 11.53| 15.22| 15.38

s 3 | 18.04| 19.21| 14.97| 17.81( 18.47| 19.81| 17.41| 13.44( 17.18| 18.51

— — — — | +0.3z | +0.17 - —| +0.26 — | *ita)
L ]
AR AR —0.04 [ —0.02 | —p.20 | —0.33 — —1-017] 0,08 — —

6. M EmERHIEY 1.76| (L7 (1.54) (1.32) (1.43) (1.21)] Ll.20| 1.45| 1.47| L.26 [*(3s)
LT ORNIHEH RN 15.33| 13.97( 944 1211 13.24| 14.68| 11.97( 7.89| 12.08| 473 |*(iLs)
Wil bk Bkt 0.12| 015| 0.16| 0.17| 018 | 0.18| 0.24( o0.25| 2.19

9. T AMAR|;oo1| 0.88| 099 i.24| 1.30| 1.26| 1.23[ 1.13| 0.99| 5.61
ILE-TS-E -y (2,650 (2.65Y (2.65) 2.650 (2.65) (2.65) (2.65) (2.65) LW‘mgﬁ

8, 9, 10>/h3t | 0.911 3.65| 3.79| 4.05| 4.12| 4.09| 4.07| 4.02| 38| 12.53

i Al 18.00{ 15.19| 14.77| 17.48| 18,79| 19,98 | 17.24 | 13.361 17.44 18.51

#1 o ERKRBIT, 2, 3 OB ~H4OTEE,

W2 ENHARD 1 % & REi-12. BLRENEHE.

TEE3  FISOLUN O THASES s 2, MIECHE N T, FL {RETER,

4 +REmME, —dHEPRETRS.

5 D HEAT~-S1OMEIM2 MO BN E L LILHG R L BEITLTHIEL I,

H6 I MT~54, BLFEOOTHANMOREOER TR,

it7 L33 LREH,

8 I EEOmUkE?, s5m  ICHRAEER? 08Bm® (AXsMHE) smA b0,

Ho o RAMRICL 2 BERAKCHERD & OPKRIZETEBEO LS Bl - TUEb,

LT HEER CHBILHED 6 ORAR 2 SR EIIEARL TR IR REEEIL T /20,
O ERNIFAB DL 03%Ic 2545, & h FRAEISEOFEEZ L30T

IMEET Kk DHEKIE, FFIS4ED & THEHCA - 1o T AGEO® ¥l v % — 5 5 OFK
DAHATH B, BSEOSENEHIRIZ S, 610ha, ALIX43TA, BIEHEAL 1 BEROOm* O FET
HB, CHUEMIZES LT 228n3 L 55,

BERKOIUKE, HABIRED THELIETH S, BB TERKES -7, BITTRX
EKEE30.72m%/s, HFATRIL  21.81m3/s THAH (M5 ), FHIUKRER2CD2/3 &4, »
ADINERZ 4 A (123H) &AahiE, ERTUKEES. 28ms e 2-T, CNTREBLENZSIC
e TT T (SIHRLS) M EOEBREL b L L FBED SHERIZEA I, chick s e
BUkRA2. 65(m3, P51, 91{8m?, LI 50. 74f8md 2 b, T OFELIE0. T4Em BRER
RAKBODLADBCIEBRINIEATRYETHE, ChoORE L2 L DEEL CH~x5ICE, RA
AR IS U TR 2 AT % B A C L d A%, TIREUKEO AR IR L A2 @R
KHETECERED, BHFKB2HOE LD A EVTRETH 2, L USRRENKREDL S

—117—




REMWESTON, EEMSEDL I IZE - TIT i THUEL,

LK, TERAKOBEFA7TED 6 54F £ TORUKRIL, K L3 b OTH2H 5 REAERE
Ve SIEOTFHIL, BEORAENTYOHE L0 THAURET 51, BrIRaHTE
BERLES(HRBLOMTEDEN S, BERIGTARCLLEP - THEETEY 5, 48, T
DHFERDS b, WEMCHAKINZ 0OPRE, GRMR~RKINIH L&, BT KE
BETHE R - oDBKE LT, ZONFEHEIZITORAINTVWA LI TIREAT
WA,

BERKDO b, BEHEICLI2MRERIZOHERICL LSO TTEFRRETETHZ Y, %
DEEARITDNT, WS LIHEMCHTITS §DIBE LT, AMEH, FEBEZ E~DBKD,
EDL S SHIAKRE 2 THIK, HFK, 5 0E—ETFREEKE 25> TEBYHICES »I2TH
TEIZLIY, 2ORIEITCTEREE S T L,

iz, BKEKBOEMEBRSBEL 5805, Brioki+El, Mo, KE ¥ &,
M D 6 SRR & R, SEL1H 1 BOKNL L FREBE2HEE L2 DR FHT 5, K
MR EHE AR REE R TEEBRFHICL 280 TH 5,

LIEREE L TRIOP RS & ¥, RFISES CORMEBICH~T, [FROFHBEIED TS
EXicEPING . BEIUKMY o OPKRIRINICE S TRIBIEHDSEONB T &L 55,
LD HIZRO AN SEEEO L OCEFIRND 6N A0 E ) hid, HECERNIOZIThER6
Ve R7I, ERMORILVKNEEICHL, EMEBRPEDOL S ITREL, KEBEDL IKEY
Bad, ZhENOEMMNE» CRRICEH LSS 5 S WEEEEL S,

& B

BrlioKRERE EDAICYY, BRI ETR2ED Y, AUPOEREEL (RAE:
ro KELERER SERERCEHRONTLRTARETH I, 212, HEERROMEICE
HUTECT: BEEHE tEHFECS SILRLET 2, BERULIIZ L OBRO—HIXRE
B ot R 0Ts 5. MENENCERBVCECSEERTIXNETH L,

51 B X A

1) HEREE (1980) { BRER. AE

2) FEAEREEAE MRS (1977) D By ZHEEEET.

3) W (1979) © By iRaiaR Ry lMEER By ikEhERrEEE).
4) BHEREMHIRRDE s W TEERA (1980) @y (B L AR,
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5) Bt - BABREITR Y & — (2977, 1978) [ By iEEB RS

6) EXEHWERA (1979, 1980) | B BRSNS ST ARG,

7) [EFAFSRE (1973—1979) | TRBEZ AR

8) HWRCERE rHKEEHEH (1978) | ZrimlEEEoME

9) FIREMERic L 28EER (1980).

10) /KEHEBEFENEHRE 7 BRI IR A (1980) | [ HilAR (MRS AT M BIER 206
Ltzdo.

11) FNRRBHFARRHETEE (1978) | EFELNFER. WHTERES (Hs4EE).

12) ARHBE - WRRYE - SRS - SRHs (1979) | MEKHDKINE L E (N, P) Y. @
AR, 84, 22—28.

13) NS - e - BRI - ARERE (1978) [ B Mk BRREBE—kT e 17 3 5%
TEEOTNE & KA~ D 4 2ty b—— Y (REEE] SHHRREH [BEABRICHY 258
TCHDOBINE &K~ DA ¥ s b, HIsE3 H, B8 —R12—1, 1~21.

14) Mif#d (1978) : ZBHEKEREABR —KHRE T 2EE - J L OFfBANE— 34 [

[BERY] BB RES REEER ST ARHETHOBE L KE~O 1 2082 b, HRISUES
H, B&8—R12--1, 53—60.

15) £ & - A - MEBT - AR - BEEE . E1F 3 (1981) | Bm AR OME BEK
BEORRE(LCET 2 REWE (V), By BfEothl, [SRAREES L FrOKRECRITTH
8, [Wr/EFRRITEY, S208.

16) KEEAER - MRIER (1981) | BrERESTRoRE: KE BkBoSERILCET 2B 5WR

(IV), By PR O HNE, [EACHEE 5 & 00 %2 OFIAKRET T RIT ¢ 8, B LA SR E 205,
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HHRHL)

BrH2)
B3

# #
Data

Class A pan #RfIH % U5 (RBIT),
B, TREHE)
B RO RRER
T P b AR



BH1) Class A panfRIAR 2 U ¥E#2) Br@ifgoafitsn

WEEREOWE (LEEH) FXCTLIEEL (p48) ORICE - 2 HROBAEES & 4088
INTVWARKSEHORERZ2BEEL TW >hoFEiLT & Hi,
BPE, [RTICH T 2 KBEFES ( Class A pan ) OBEI AR, AFIDERIT N TR,
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6 12 6 13 20 17 19 22
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8 2 1
9 2 2 2 15 1
10 1 1 1 1 2
1 28 29 30 2 21 16 13
12
1 7 3 1)
14 1
15 1 1 1 1
16 2 3 4 1 1
17 1
18 16 6 12 20 13 12 20
19 1 1 1 3 1 1 89 21 s 110 78 14) 88
20
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23 2 3 §
24 2 2 1 1
25 7 5 9 7 7 3 4 1

26 36 M ki 3 17 19 17
27 15 18 14 21 15 12 13
28 H 18 35 3t 17 kil 29
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BAEB| 3% M ¥ 41 22 4 29| B 2 54 10 I8 14 8
H B 26 oz 3 30 3 ;[ 1w nmo s 13 1818 1%
gamml B 15 15 19w on ou| w7 6 10 123 1 )
/8§ | 30723 26/23 2622 30/23 30723 30/23 30/23| 19/4 10/07 1945 18/15 19/14 T4 1915
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T oH, I 100 W6 M3 8 103 8 1 1
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/
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28/24% 20/01% 23/09 1102 28/22 28/24 28/24 24/02% 24/06% 24/02  2/02% 24002 24/02%
32 13 26 45 4 2% 32 1 z 3 1
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7 2 ™73 u EX] 24 g / 12 3 38 0
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1980fE1 A 2 B
W% (i B SEL FElL EHE L OB IOl Roe | R REL Bol SRR L oW ord Rre
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2 END)
3 4 1 4 5 9 8
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6
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8
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17
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A 13 28 12 13 13 13 2 8% 19 19 18
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CB/ME | 28722 28/23 30/15 28/ 23 28/21  28/24| 28/10 19/13  19/12  28/03%28/03%
(#73t)
tf 13 4 12 13 23 22 1 1 2 2 1
f f 21 6 29 22 25 22 7 7 8 12 ¢
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. # 3 ABR Z
19784
?E%f 9 H 10 A 11 12
7 E e | B | B | & B\ R BB & B
i i = izl i ® s} w | & i1 el #
H T C mm T C mm T T mm T T mm
I | 251 17.9] 0.0|24.7| 13.4] —| 205 88 —|139|-02] —
2 (2670 151 —| 25.7) 1.8 —|17.7 7.5 0.0| 18.4!-0.6] —
3 | 26.9| 17.5] &.5| 25.8| 8.7] —| 16.5| 2.6 —|17.0|—0.7] —
4 | 25.8) 19.2] 28.0] 25.4| 10.8) —| 16.5{—0.2 —[ 14.0{ 0.8 0.0
5 | 20.8] 17.5( 3.0/ 18.9 11.7| 15.5| 18.8{ 1.0/ —| 13.6/—1.2] —
6 | 25.3| 15.8) —| 17.3] 10.6) 15.0| 19.5| 3.2| —| 9.2|-2.%| —
7 | 24.2| 16.9] —| 19.4| 9.3] —| 18.9 42| o0.0]11.7|-52] —
8 | 24.4| 16.6] —| 18.5 3| —[20.2] 790 —|180|-2.6] —
9 | 29.1| 13.9( | 20.9 6.6/ —| 22.3] 55 —|17.1|-0.5| —
10 | 82.0f 20.0f —| 22,6, 13.6( 19.0| 14.2|—-0.1| —| 16.9! 0.0 0.0
EA| 26.0] 17.0| 39.5( 21.9| 10.5| 49,5 18.4| 4.0] 0.0| 15.0|—1.3, 0.0
11 | 24.3] 19.1] 4.5) 21.4 14.3 0.0/ 140] 47 —]12.7/—2.8] 5.0
12 | 19.1| 16.0| 7.5| 21.6| 14.0| —| 15.0/ 3.3| 0.0| o.9|—d.9] ~
13 | 21.2( 15.8 9.0l 17.9] 69! —| 10.8] 8.3 21.5! 12.9(—4.6] —
14 | 22.8f 17.8| o.0f 17.7| 1.3| —i17.9| 9.3| 0.0| 13.5| 01| —
15 | 24.9) 18.2| 2.5( 16.8| 6.3| 2.0] 19.8| 88| —|149/—10] 0.0
16 | 23.0( 18.0| 10.5| 23.1] 7.9] 1l.0| 16.6| 3.7 —| 13.1|—2.4| —
17 | 3080 17.00 —2¢2 3.7f —| 10,4 2.4} 7.0{ 16.4|—0.30 —
18 | 27.9| 13.3| —| 20.1| 431 o0.0{16.2| 15| —| &s5| 3.8 20
19 | 28.0f 19,41 —| 170! 13.0| 14.5] 18.2{ w.2| 25| 4.3] 1.1 0.5
20 | 28.9| 19.2 —| 20.0| 15.4| 24.0| 16.8| 0.6 —| 8&2|—4.4] —
Ry | 25.1) 17.4| 34.0) 19.6) 8.7) 41.5) 15.6) 5.3| 31.0! 11.4|—=1.5] 1L.5
21 | 23.6| 19.4| 3.0| 20.4| 5.5 1.5/ 15.2|—0.1| —| 9.3]—7.4] —
22 | 24.4| 18.1 0.0| 17.9 3.0 —i 14.4| 1.3/ -—| &1|-=50] —
23 | 20.7) 17.0] 2.0] 20.4| 6.7 —|14.8] 0.8 —| 83l—2.1]| 155
24 | 23.4] 16.1| 4.5| 20.6| 7.3 0.0| 13.3] 1.8 —| 13.3|—2.1] 5.0
25 | 26.1| 15.6| —| 20.6| 87| —|13.9/—1.8] —|10.0|—-41 —
26 | 25.5] 15.2] —| 21.3| 9.4 0.0| 14.7{—0.2] 0.0| 12.4[—-3.2| —
27 | 23.2) 13.8 —| 20.0( 12.9 0.0 11.9| 89| 11.5( 12.6(—2.6| —
28 | 21.0| 14.5| L5| 16.9| 11.7| 5.0 17.1] 60| —! g8/ -1.2| —
29 | 16.5( 14.8| 1.0[ 13.7| 1l.0| 13.0| l4.4)—0.9] — 9.7|—=5.0| —
30 | 21.5| 16.0| 18.5| 17.¢| 7.7| —| 14.7|-0.5| —| 6.5|—4.5] —
31 17.5| 9.0l — ) 8.4|—6.6, —
Fe)| 22.6| 16.0| 30.5| 18.8| 8.4 19.5| 14.4| 1.5| 11.5| 9.8/—4.0 20.5
F | 24.6] 16.8]104.0| 20.0| 9.2|110.5 16.1| 3.6] 42.5| 12.0[—2.3| 32.0
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19794
1 2 3 4 A
=i = 2 = 2 2 &

i) R 2 = it # & B i ¢ : i g}
T T mm T T mm T T mm T mm
1.4] —5.2] —| ta.0] 6.0| 55| 11.2]—42{ o0.0| 14.9] 25 —
12.1] —=3.2| —| 1w0.1|-38| —| 9.9|—5.8] o0.0| 9.4| 58 135
9.5\ —4.4| —| 10.8/-5.5| —| 10.4|—=5.7| —| 17.4| 7.1| 10
13.80 —a7t  —| 13ol—32) —1 a7l 01| 80} 135! 64| 0.0
13.3 —=2.9| " 0.0 5.2!-37| 40| 9.9|—-42{ —| 104| 46 —
g.0! —3.8 —| 131 11| 14.0| 13.0{—-28 —| 16.3| 6.0} 0.0
6.5| ~3.¢| o0l 13.0f 23| —| 128/ —2.3; 15| 10.2] 69| —
13.0] —2.4]  —| 1.7|-0.7] o.0| 1.0} 08| —] 18.9| 11.2| 14.5
6.1 —2.70  —| 10.1|=3.0| o0.0| 15.9|—2.2| — 25.0| 121| -—
14.5| 20| —| 10.5| 3.0 30| 61| 7.6/ 25| 207 97| —
12.0] —3.0| 00| 11.2]—0.8] 26.5] 11.5{ —1.9| 12.0| 16.6 7.2| 29.0
10.6] 0.7 —| 19.0] 12| o5] 13.1]-298] —| 21.1| 7.4| —
g.2| 1.2/ 25| 15.6|—1.91 —| 82|—31| o0.0| 18.9| 44| —
1.2 —3.8) 14.0| 14.4|—2.7] —| 7.8|-1.7] 2.5, 13.9[—-1.5] —
3.0| -8.2] —! 123 54| eo0| 1.0|—42| 30| 2120 80| ze
7.7 —6.2| —| 10.4| -5 —| 12.8 1.6 0.0| 152 99| 00
9.7 ~48| —| 1m.7|-22| —| 139 -1.5| —| 16.7, 86| 0.0
9.3 —-6.6| —] 10.2|—2.0| 80, 16,1} 1.5| 0.0 159 5.7i —
7.0 —4.2| o0l 13.2!—0.6| 15| 13.6|—0.1] —| 16.0| 12| —
6.2| —4.0] —! 15.0|—2.6] —| 11.7| 0.7 0.0| 12.7| 3.6] 0.5
7.9| —7.0| —| 13.6|~43| —! 142 56| 00| 11.5, 83| 9.0
7.1| —4.4] 16.5] 13.5|—1.0| 16.0] 12.2] —0.4| b5.5| 16.3| s5.8! 11.5
13.51 -6.2] —| 19.2| 12| —] 99| 15| —|17.9| 29| 40
8.2 —4.7| —| 16.9] 53| —|157|-271 —|17.6| 05| =—
12.4| —6.4| —| 9.9 56| (7.5 13.6|-0.1] —| 20.3| 46| —
14.3| =420 —| 12| 55| 3.5{ 14.7] 5.7) 28.50 23.4| 14.2| —
10.3] -5.3] —| 12.0| 3.8/ —| 165 05| —| 24.2| 149 —
15.31 —0.2| o0.0| 7.1 44| 1.0} 15.4]—0.8] —| 16.0| 10.9] 6.5
149 —-2.8| —| 7.7/ -05] 40| 186|—05] —| 11| 7.4| 20.0
8.0| —a.2| —| 1.7, -19| —|182| 06 —| 143 54| —
4.0| -7.4! 1.0 2.6 3.7 —| 182 95| 7.0
1.7 0.0| 32.5 20.4| 11.2| 7.5] 22.2| 7.6| 0.0
8.9|.—0.3] 3.5 19.6| 8.8 —
11.0| -3.8 37.0] 11.8] 29| 35.0| 16.7| 2.5| s6.0| 18.8] 7.8| 37.5
10.1| —3.8] 53.5| 12.2] o0.2| 77.5| 13.6{ o0.2] 53.5] 17.2] 6.9] 78.0
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19794 # 3 (2IE&)
Tﬁ% 5 A 6 A 7 8

B B | B | B 8 8| 82| 8| 8B| R B| %

BEIE |« B Bl x| EIE|x B|E]x

= = | = =0l ) & -3

iz & e & i = il i 2 il iz ) &2
B ¢ T mm T T mm T T mm T T mm
1 11950 6.3 | 25.1] 11.6] —| 28.2| 20.0| 3.5 32.1] 23.1| —
2 1160 7.4 —|24.8| 14.6| —| 30.5| 21.3] o.5| 82.4] 23.9| —
31 22.5| 48 —| 262|146/ 00| 28.7| 20.4 o0.0| 28.9| 21.2| 0.5
4 | 204|119 —| 26.0|13.1] —|24.7|16.7, —| 282| 20.8| 22.5
5 2150 10.0{ ~—{ 25.0{ 12.5( —[ 29.2( 15.4| —{ 32.5( 22.7| 0.0
6 | 23.6] 6.9 —|27.6| 12.2] —| 2851721 —|a3z0| 23.5| 0.0
7 | 21.4| 11.8] 0.0] 25.5| 17.2] 6.5| 28.7| 19.2| —| 30.9| 24.4| 9.0
8 | 19.3| 14.7| 69.0| 27.9| 19.8| 4.0| 27.7| 19.4| —| 29.1| 23.4] —
9 | 25.5| 14.4| —|27.1| 19.0] —| 28.6| 18.5| —| 29.9| 23.4| —
10 | 21.9| 155 —| 29.4| 17.4| | 290.5) 17.5| —| 32.3| 23.1| —
Eay| 21.2| 10.4! 69.0) 26.5] 15.2] 10.5| 28.4] 18.6] 4.0| 30.8| 23.0| 32.0
11 | 25.1|12.0] o.0| 23.7] 20.1| o0.5| 28.0; 19.4| t.of 30.2] 22.9] 0.0
12 12001 500 —| 223|167 45 308 210! 00| 31.2| 220 —
13 | 21.4| 2.5 —| 23.7| 18.4| —/| 26.0) 190.¢| 0.0 30.9| 22.0/ -
14 | 15.1| 12.7| 36,5| 18.8| 15.7| 6.5| 20.3| 18.6| 22.0| 30.8| 21.7| —
15 | 19.8| 12.1] 30.5| 26.3] 13.8| —| 23.1! 18.8| t.o) 30.6] 21.3| 0.0
16 | 14.9) 11.6| o0.0| 28.1| 15.5| —| 22.3| 16.7| 0.0 31.4| 22.4| —
17 | 16.3) 11.2| 6.5| 30.5} 20.1| —| 24.8| 15.7| — 31.0| 22.6| 0.0
18 | 2L.2) 65| —| 30.3| 19.9] —| 20.7| 18.5] &.0| 30.8| 23.2| o.5
19 1 21.8| 9.3 —|29.9]21.6| 0.0| 22.9| 17.0| 4.5| 32.3] 23.3] ¢C.0
20 | 24.7] 10.7| 0.0 29.9]| 20.1; —| 24.0| 14.8| 14.5| 27.4| 22.0| 6.0
Ay 20,0 9.4 73.5| 26.4| 18.2| 11.5] 24.3| 18.1| s51.0/) 30.7| 22.3] 6.5
21 | 25.8) 11.4| —| 30.6| 23.1! —| 26.2| 19.3| 0.5 25.7] 21.7| 1.5
22 | 27.5| 10.8| —| 31.4| 2.0 —|287|20.9] —| 29.4| 229/ 1.0
23 | 22.6| 16.3| —| 31.1| 2.1 o.0| 30.9| 22.0| —| 29.9| 22.5| 0.0
24 | 23.0| 13.2| —|33.8] 220 —|33.2] 220 —| 20.1) 21.1] 13.5
25 | 24.5| 17.0| —| 33.0 20.9{ —| 32.1 22.2| 1.0| 25.2| 20.0| 20
26 | 25.8| 16.6/ 0.0 30.2) 22.0| —| 29.9 23.0| | 30.0| 21.8] —
27 | 22.3| 14.0| 9.5 27.1| 21.9] 8.5/ 29.0| 21.3| 87.0| 32.¢| 21.1| —
28 | 27.0| 10.7( —| 29.1| 21.8| v.0| 26.9 21.7| 0.5] 27.5( 21.21 0.0
29 | 24.7| 14.2| 0.0] 26.1] 20.1| 17.5] 31.0] 23.2| 26.5| 26.8| 20.1| 2.0
30 | 20.6) 11,7} —| 21.6 19.7| 7.5| 33.1 23:3] —| 23.6{ 19.2| 10.0
31 | 23.0| 12.9 — 33.1; 23.3 —| 27.3] 18.3 —
Tty | 24.3] 13.5| 9.5] 29.4| 21.4| 33.5| 30.4| 22.1 65.5] 27.9] 20.9] a0.0
A | 21.9| 11.2|152.0| 27.4| 18.3 55.5| 27.8| 19.7|120.5| 29.7| 22.0] 68.5
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9 10 = 11 A 12
gl e wlg| 8| ®”|&B|8B|®w,| 8| 8| =®
BBl x| e2 BElx]|BlE x| BBk
& =) = = & = =) &
2| E #|&|&B|l® | 2|8 | & | B | B | =
c|lC | m|CT|C | m|C|T|m, T |T|m
27.3)] 18.3 — | 32.4 X 2.5 26.9 5.8 .0y 12.9 4.1 0.0
26.11 20.9 1.0] 22.6] 18.9 0.0] 23.5) 1.0 .07 13,7 1.0 —
30.7| 21.3 — | 19.4| 17.5| 24.5| 20.4( 10.3 — | 14, 3| —90.8 —
28.5( 21.9 2.5 24.3| 159 1.0 18.4) 12.6 1.5] 12,21 —0.8 —
32.01 17.3 0.5] 24.8| 18.7 0.0 22.6] 15.8 1.5| 16.6 6.5 —
27,910 141 — | 16.1¢{ 14.7| 16.5| 23.0| 11.9 0.0 18.9 6.1 0.5
27.4) 21,2 0.0] 14.9] 13.2| 73.5] 18.7 5.2 —1 13.8 5.5 —
30.11 1%.9 — | 25.6| 13.0 0.5] 20.1 5.2 — | 15.5 2.8 —
26.9| 20.3| 30.5) 23.0| 13.8 — 1 19.2 7.9 —1 16.0 0.1 —_
27.8| 18.2 — i 23.9¢ 12.6 0.5 16,2 11.1| 23.5| 14.5 1.1 —
28.6| 19.3| 34.5| 23.0|(15.4)° 122.0| 20.3 G.7| 26.5; 14.8 2.6 0.5
26.9( 17.3 — | 21.5| 14.5) 32.5| 23.2| 11..7| 33.0| 11.7)—1.7 —
25.5] 15.2 — | 22.8| 15.1 0.5] 21.1] 12.2 0.0 9.0 ~-2.9 —
27.6| 14.9 —1 21.5| 14.2 0.0 17.6 8.3 0.0 11.3| —3.8 —
28.5| 16.3 0,0 22,9| 12.4 — | 13,7 0.1 —1 11.0| —4.7 —
25.0( 19.9 0.0 23.8] 11.1 —| 13.1|-0.7 0.0 12.0|—2.2 —
26,1 16.8 0.51 22.91 11.7 —1 16.0 2.8 0.0 13.3|—3.4 —
23.81 18,3 — | 23.7| 12,5 — 1| 15.6 6.2 4,07 11.8| —4.5 —_
28.2] 16.5 — | 23.4| 16.1] 11.¢| 10.5 & 8| 11.5| 12.5| —4.2 —_
30.0( 18.8 1.5| 25.7| 18.5| B8.5| 14.0 4,9 — 1 12.5] —3.0 0.0
26.7] 18.2 — | 24.9, 12,7 — | 13.4(—0.4 —| 18.4 4.8 2.5
27.2| 17.3 2.0 23.3| 13.9]132.5| 15.8 5.4 48.5] 12,4 2.6 2.5
27.01 16.8 5.0 23.% 5.8 — ! 14.9 3.1 0.0 17.2 3.1 1.5
30.0) 20.9 0.0 19.6 8.8 — | 13.7 8.3 6.0 16.0 7.3 5 0
31.3| 20.0 0.0 20.2 6.4 — 1 16.6 8.0 26.5| 13.9 4.8 9.5
20.7) 17.3 0.5 18.4) 10,7 0.0 G.7 6.7 1.0 6.3 1.8 17.0
18.9| 17.C¢ 8.5 20.9 9.3 0.5 10.7 6.7 9.0f 13.4| —0.5 0.0
22.21 16,9 21.0| 22.1 6.8 — | 14.4 8.8 7.0 10,4 —1.86 —
23.0] 19.2) 15.5| 22.9j 10.3 — | 15.7 7.7 — | 13.4| 2.2 —
19.2| 15.8 25.0( 22.4| 10.0 —1 14,2 8.3 27.0| 11.2| —3.9 —
20.1] 15,8 2.0| 18.8] 14.4 0.0 18.1 9.3| 11.5( 10.2 1.0 —
24,110 17.7| 24.0y 22.1| 12.6 — | 15.2 4.2 —1| 14,0 —-1.2 —
20.0 7.3 —_ ' 15.81 —2.9 —
23.7| 18.0(101.5| 21.0 9,7 0.5 14.3 7.17 88.0| 12.9 0.5 33.0
26.5] 18.2)|138.0| 22.4|(12,8)% 255.0| 16.8 7.41163.0| 13,3 1.8| 36.0
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# 3 (2FX)
19804
i H H A
Sl RIS ELRE ORI EIR
g | = | KR g | KR g | K
B & | & | & | 2 [ & & | & [ #
5| Lo T mm T T mm T T ram
1 9.7 —3.1 - 8.5 —3.9 —| 128 o7 7.5
2 8.9] —6.6 0.5/ 9.0l —56 — 1.7 —10 —
3 9.8 2.8 7.5| 10.2| —5.9 — 6.2 0.6 0.0
4 1271 4.9 6.0 10.1] —5.1 —| 18| —o0.4 —
5 8.9| —4.0 4.5 6.3 —o0.1 1.5 8.5 —2.1 0.0
6 6.8 —6.0 - 6.1 —5.6 — 6.9 1.8 7.0
7 1.7 —4.7 — 7.9 —1.9 - 1.6 2.3 175
8 57| —9.6 - 5.6 —8.6 —| 147 41| 145
9 4.5 —7.0 0.0 9.3 —5.4 —| &2 0.1] 125
10 11.4 0.5 0.0 1l0.5| —7.3 —| 182 5.6 2.0
ta 9.0 —-3.30 15l =gal —s55 1.5 10.6) 1.2] sL.0
11 7.5| —5.2 —| 11.4] —49 —| 1.2 —o.s ~
12 6.1 —6.8 — | 10.2| -6.2 — 9.8 0.3 —
13 29| —1.8| 23.5| 10.1| —4.1 — | 13.0| —-17 —
14 9.0 —3.3 — .2 —6.3 —1 85| —0.5 4.5
15 9.5| —5.0 —| 10.3; —-7.1 —| 12.7] —20 —
16 9.8 7.4 — 7.8| —5.7 —| 1.8| -3.5 —
17 10.0[ —7.4 - 7.9 —8.2 —| 130 -L3 —
18 7.6 —6.3 - 87| —6.2 0.0] 12.9 2.3 —
19 8.1| —6.4 0.0 44| —2.4| 7.5 4.9 L7 0.0
20 1.1] —4.2 —| 11.3| —4.9 —| 183| -13 —
2L 8.2| —5.4| 23.5 8.8| —5.6 7.5] 1L5| —0.7 4.5
21 8.7| —5.9 — 8.7 —4.0 —| 132 &5 00
22 7.3| —7.5 - 9.1| —6.9 -~ 7.9 0.5 20.0
23 9.1| —6.5 —| 93] —s9 —| 10.6| 0.1 1.0
24 | 10.8| —6.0 —| 136, —36 00| 96| —04| 0.0
25 9.7 —4.1 — | 12.6| —5.4 — 9.5] —3.1 0.0
26 1.2] —4.5 — 9.4 —1.0 —| 133 0.0 2.5
27 13.5| —8.0 —| 12.8] —-1.1 0.0| 15.9 0.2 —
28 17.8| —2.7 7.5 6.3 —2.2 6.0, 14.0| —1.5 -
29 10.7 7.6 6.5 13.2] —4,0 —| 183| 25 9.0
30 7.6 4.2| 13.0 22.0 7.8 28.0
31 9.7 2.6 0.0 13.9 40 0.0
T | 0.6 —2.80 270y t0.6| —3.8| 6.0[ 135 151 60.5
H 9.3] —3.8( 9.0 9.2 —50| 150 11.9 0.7| 126.0
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No.22* Comprehensive studies on the eutrophication of fresh-water areas — Structure of ecosystem and
standing crops in Lake Kasumigaura — 1978-1979. (1981)

No.23* Comprehensive studies on the eutrophication of fresh-water areas — Applicability of trophic state
indices for lakes — 1978-1979. (1981)

No.24* Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis of eutro-
phication effects on main utilization of lake water resources — 1978-1979. (1981) A

No.25* Comprehensive studies on the eutrophication of fresh-water areas — Growth characteristics of
Microcystis — 1978-1979. (1981)

No.26* Comprehensive studies on the eutrophication of fresh-water areas — Determination of argal growth
potential by algal assay procedure — 1978-1979. (1981)

_* in Japanese
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Report of Special Research Project the National Institute for Environmental Studies

No. 1* Man activity and aquatic environment — with special references to Lake Kasumigaura — Progress
report in 1966, (1977)

No. 2* Studies on evaluation and amelioration of air pollution by plants — Progress report in 1976-1977.
(1978)

{ Starting with Report No. 3, the new title for NIES Reports was changed to: ]

Research Report from the National Institute for Environmental Studies

No. 3 A comparative study of adults and immature stages of nine Japanese species of the genus Chironomus
(Diptera, Chironomidae). (1978) ' _

No. 4* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1977. (1978) ‘

No. 5* Studies on the photooxidation products of the alkylbenzene-nitrogen oxides system, and on their
effects on Cultured Cells — Research report in 1976-1977. (1978)

No. 6* Man activity and aquatic environment — with special references to Lake Kasumigaura -- Progress
report in 1977-1978. (1979)

No. 7 A morphological study of adults and immature - stages of 20 Japanese species of the family
Chironomidae (Diptera). (1979)

No. 8* Studies on the biclogical effects of single and combined exposure of air pollutants — Research report
in 1977-1978. (1979}

No. 9* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system - Progress
report in 1978. (1979)

No.10* Studies on evaluation and amelioration of air pollution by plants — Progress report in 1976-1978.
(1979)

No.l11 Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)

No.12 Multiclement analysis studies by flame and inductively coupled plasma spectroscopy utilizing com-
puter-controlled instrumentation. (1980)

No.13 Studies on chironomid midges of the Tama River. (1980)

No.14* Studies on the effect of organic wastes on the soil ecosystem — Progress report in 1978-1979. (1980)

No.15* Studies on the biological effects of single and combined exposure of air pollutants — Rescarch report
in 1979, (1980}

No.16* Remaote measuremnent of air pollution by a mobile laser radar. (1980)

No.17* Influence of buoyancy on fluid motions and transport processes — Meteorological characteristics and
atmospheric diffusion phenomena in the coastal region. (1980)

No.18 Preparation, analysis and certification of PEPPERBUSH standard reference material. (1980)

No.19* Comprehensive studics on the eutrophication of fresh-water areas — Lake current of Kasumigaura
(Nishiura) — 1978-1979. (1981)

No.20* Comprehensive studies on the eutrophication of fresh-water areas — Geomorphological and hydro-
meteorological characteristics of Kasumigaura watershed as related to the lake environment — 1978-
1979, (1981)

No.21* Comprehensive studies on the eutrophication of fresh-water areas — Variation of pollutant load by
influent rivers to Lake Kasumigaura — 1978-1979. (1981)
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Preparation, analysis and certification of PEPPERBUSH standard reference material. (1980)
(REERsE () 297 OFEN, Sirh LRAEH)

B BB BT 2 RAPE (M) — B WA O — FfI53, /5488, (198D
BABOERRLICHT ARATR V) — By HiBOME, SRKXFHEL LUZO#K
R RIT 48 — 053, /5448, (1981)

B OERS{LICET 2840 (V) — By BHAR DM REL & £ Ol —
MIf153 /544ERE.  (1981)

BkROEEELCHT 2RA0E (V) — B rBOERRORE LEYRTFR — W53/
S4SERE. (1981) )

BRI OB SR L MY ZRAHIE VD — BOBRBUREEEICET S HBNNE —
FAF053./544ERE.  (1981)

Bk OBFRLICMHET ARATIR ) — EFRBOEF A RETREOERLIZAET S
B — BAF053, /54488, (1981) '

Bk OEER LT 28aWR @) — Microcystis (B¥N) O — W53 ./
SAHEEE. (1981)

BRI DER AL IC Y ARA TR (X) — BREERHEREIC L2 AGPORIE — 53,7
S4FERE.  (1981)
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B 1 B BKEOERELICHETIEANE —Brltngge LT, (19T
B 25 HbEMICE A RIEREBSROTN LSBT A ERNTYE — Ms]/ S2EERRES.
(19783
& )
BANEHARFHRRS
%% 3 ¥ A comparative study of adults and immature stages of nine Japanese species of the genus
Chironomus (Diptera, Chironomidae) (1978)
(AXE2Z Y A8 Chironomus J& I BORSE, ¥+ ¥, thhOREROHLE)
B 45 REyIF - ELRILAE —SEROTRAERIE OWYE — FHSEE P8
&, (1978)
B 5 B FEER{KE —ERBIDFRORBCR G & B L R0 M RiE TR
BicMd S5 — W51 SHEEMEEE. (1978)
5 RBRAROCEFBCHTIEAUIR (D —Br#EhLE LT (1979
£ A morphological study of adults and immature stages of 20 Japanese species of the family
Chironomidae (Diptera), (1979) ‘
(BFE2 2 Y AF0EORE, v+ ¥, HhdOBEEY )
# 8 5 AKFRHEOH-BLICEEEROLKIIN T 2EBICBT S ZRNNY — RF052, /534
BErziEeE. (1979)
W95 RTyITFev -tk iRIAE — ERRIEMBALEREOPYE — Bs3EE DS
&, (1979
10 5 ELEWIC Y 3 RAERENOFE & 2T RBOE — B SUEE B EE
&, (1979
% 11 B Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
(RIGRYE OMMERE LU 2 oINS ORI+ 255)
% 12 5 Multielement anatysis studies by flame and inductively coupled plasma spectroscopy utilizing
computer-controlled instrumentation, (1980)
(- 9HEAEBELRNALLT - B LUBRES 7 5 Xwtikic & A5 T RER
2 |
% 13 B Studies on chironomid midges of the Tama River. (1980)
Part 1. The distribution of chironomid species in a tributary in relation to the degree of pollu-
tion with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.
(B IRt § 222 4Oz
— I TO—XREBHIONI Y HEFOLT & TAIC L5 EREE & OBE —
—#24 Fo—XHicRBEhic Chironominae ERIO20EIc>0TC —)
®| 145 HEEEY ARHRBRLAY SeESOTEERRCRETHELMMticET 2T — )
053, SAFEEFERIBIZIAIEG. (1980)
15 8 XEASRMBEOR—BIUNEESROEKRICTT ZEBICEY S ERNTIY — BASER
HleFREE. (1980)
®| 168 HABLY—¥F-L-F—ilorRaFaRMERL  (1980)
W17 8 HAEOESLLCEEERICRIETRAYR —HEE OSSR EAREERS OHR
’ — IRFIS3./B4MER  HRIRIUHE .  (1980)
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