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The estimation of spacial distribution of flux between lake and atmosphere based on
measurement of COz concentration, temperature and specific humidity

-A case study in Tsuchiura bay of Lake Kasumigaura -
Mizuho HARADA

Abstract

It is very important to make clear the water and COz balance of the lakes to
save water resources and prevent global warming. Measurement of the amount of
inflow, outflow, evaporation and rain is necessary to calculate water balance. It is
necessary to grasp inflow, outflow, exchange with the atmosphere and biological
activities to estimate carbon balance. However, there is a spatial change in the
exchange amount with the atmosphere (flux). Estimating flux in the whole water
surface is difficult because observation points are limited. Therefore, in this study,
the latent heat, the sensible heat, and the carbon dioxide flux distribution in
Tsuchiura bay of the Lake Kasumigaura were estimated by spacially interpolating
the observed data, and applying the bulk method.

The observation was carried out no the Lake Kasumigaura on October 9, 2014
and October 31. At the same time, water sampling was performed in Sakuragawa
river which has the biggest sub-basin in Kasumigaura basin, from October 2rd to
November 30tk to examine the influence of the river on lake surface flux.

The fact that the latent heat, the sensible heat flux, and the carbon dioxide flux
show a different distribution tendency has emerged from this investigation. As a
whole tendency, latent heat and sensible heat flux is small in Tsuchiura bay, and
large in the center of Kasumigaura. The carbon dioxide flux is large in Tsuchiura bay,
and small in center of Kasumigaura. However, in the western Tsuchiura bay those
flux was influenced by the river inflow and discharge from a sewage plant, and
occasionally showed distribution different from the entire tendency.

When the flow of Sakuragawa river is small, flux strongly receives a sewage
plant effluent impact, because bottom of Tsuchiura bay is covered with warm water
from the sewage plant and the river flows under it. On the other hand, when it
leaves the bottom of Tsuchiura bay, the influence of the sewage water becomes weak,
and the influence of the stream water comes to appear strongly. In this case, A strong,
downward latent heat, sensible heat and carbon dioxide flux are caused because of
low pH and warm water, in the area where the influence of the stream water
appears, these flux are decrease because water temperature of the river is lower
than that of sewage water and its pH 1s higher than pH of sewage water.

When there is large discharge of Sakuragawa river, the influence of the drain of
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the sewage plant becomes weak, and the influence of the stream water appears
within the wide range from the bottom of Tsuchiura bay to the central part of
Kasumigaura due to lots of cold and low pH water inflow. Therefore, the carbon
dioxide flux increased, and the latent heat and the sensible heat flux decreased in
the large area.

For the carbon dioxide flux, flux change rapidly by weak stir times, because the
change in a perpendicular direction of the pH is large, so the layer that carbon
dioxide is absorbed is very thin. The distribution of the carbon dioxide flux is almost
determined by the distribution of pH. Thus, we could estimate carbon dioxide flux in
each region from the distribution of pH, by the use of the value of the Koshin
observatory station (center of Kasumigaura).

Key words : flux, special distribution, Lake Kasumigarua, phytoplankton,
river inflow, sewage disposal plant outflow, vertical distribution
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Ae., 7k7ﬁ‘/]) A URRE pH TH %o RAIE PIZZERIRY R 2 L B AV7ia - 72728 L O (1023hPa)
A CRE L7z,

2.3.1.  WNHFHE
RERI NI LB A 2 DT — X % kriging {EIC L W T A X —F — X B L1z, 1ER%IZIX Golden
Software ft: Surfer12 #fE/H L. H 27V v R4 X130.001° (BL#Z 100m) WHE Lz,

2.3.2.  ALEREEHH

R[EHAIRSE L2T7 —2 09 bl bAMIOR R E TR L7z, KEHE B IZEST — 4 % 35.95°
~36.1° N, 140.2° ~140.5° E (SiEAV ZEr< & Miaiias) O cHif (HIEHEA RS
NTWD—EEEIISME) Lizob, B MlmofERzkE it Lz,

2.3.3.  SREHHEX

THAVICBIT DT T v 7 ApADOBLEDSH, 2.1.1 OBIT—% L 2.1.2 OFE » i) FHE T
PEBLIFTO T — 206, KR, KFEA A RE pH, 57 _BLIRSE Cw, 2R DIC D E 5y
B AEAERC L7z, 723 10 A 9 HIZB LTI, 2m LR Y U 7 AR IERREIZ/ZR > T LE o772,
KR D B iE A X A AR U Tz,

LT =209 5, BE 0.1m, 2m OF — X2 LTIk 2.3.1 & RERIZAK I ANIZ kriging 5
Ko TIRE =T —=F%AER LTc, £ OBABLINE DEREWH £ CHEAL 5] &, I L W& O
R RORED T A K — Ol % Wi OB E LCHEH L7z, 0.1m, 2m USOKIEDT — X 1T L

Tldm b WBIRLE O b O Z i EOBLRAINE & L TRA LT

ZD XL THE=T —# % kriging %% VO CTERE T 02 28 N 21T WO Wi X 2 1Rk L 7=,

2.4, %77 v 7 ADHEMH
Surfer12 TIERK L7=T A % —F —& % Esri ff: ArcGIS ver10.2 ~it A iAF, ~ v 7EIER % F
WTLLTFORXNSLET7 T v 7 A&FHHE LT,

2.4.1. WABAT T o7 ADOREMH
BENT T w7 A HIW/m2IZ50E Ta, HmmEE 75 10m JBGEU, 02> 5L T ORXE W TEHE Lz,

H =CpXpg X Chp X Upg(Ts — T,) (2.9)
2R p [gm3IILL F o (I, 2000) 23HRDTZ, Cppld L7 Baiktets (M2, Pidt
B

HICIIT D 13 1 30 3 DKE. RRDEEHEC, [J/kg/KNTED /NS W72 E$ 1006 Z ] L7z
(FEFH1ED, 1993), TDOMDIHBIZOWTIET AF —FT =X DK 7 U v ROfEZ Fi-,



273.15 P-0.378xe
273.15+T, 1013.25

pa = 1.293 x (2.10)

2.42. WETT oI ADOHEM
WET 7 v 7 2 LEIWm2]IZiR g [kg/kgl, fafnibi gs[kg/kgl. 10m EUHU, o> H LT OR A H
WCEHERE L, X7 A —T—20% 7V v KObLOEHW-,

LE = 1X 1000 X pg X Cop X Uyo(q — q5) (2.11)

FRIEEEN 1[/g], IR g, FOFIIEIR gs. BORI/KAR AU e [hPallZLL T ORISR DIz, Cop 1T/ 31 2 i
BB (M),

I =3.15x 103 — 2.38(273.15 + T},) (2.12)
0.622xe
== (2.13)
0.622Xeg
g = (2.14)
es = 6.11 x 107-5%Ts/(2733+T5) (2.15)
2.4.3. ZLIRFET T v 7 ADHEM

TWbRFE T T v 7 A Flmg/m?/sl, K& & Pli7pKkF o “ERLIRFZERE Calmmol/L]l, AKHd —
AR FBIRE Cw [mmol/LIN LU FOXEHWCHEAE Lz, HIZT7AX—T—2D% 7V v RO
D& W=,

F =44 x k. x U;o(C,, — Cp) (2.16)

Cw. CalILL FORXNHROT= (FBEIEH, 1995), Kk AE V7 lgste e ((HRsR),

_ 1.19-4.38x1072T,,+8.4x107T;,?—6.38x107°T;,, > % 2896 _ p.

C
a 44 Pa 350

(2.17)

Acx[HT]?
Wk ((H+2k5)

(2.18)



3. MERLBE

3.1. BAEAT T v 7 ADSAA

BEENT 7 v 7 A H, TsTa, Ts, Ta. Cpy. UjoD A% X 10~19 7”7,

100 H9H, 31 HEBIZ T & TaDZEMBNEIT LACUNIZINE > TRY, MWH & HPEMWY
DRI oTz, ZOF® TeTa b KT 2CRETH Y | WLk e 5 2 F 0T IRIE R L PR
25345 LT 5, RIRO AL RIS KR & B A OB —E LT, By il Tik—H
HIRARE Z O OOKBERIZE > THOMBERBRE->TND, 10 H9HD T T v 7 ZA54 I
IR & B0 D FRISAKIR AN S WEEIDNA 1 235 B O e i TR 62 (X 17)
2 31 HIZIEMfEIZRIL TV (K18) Z &b, IR ADET T > 7 A ~O R I &
IKFEIZIZBAEN T 7 v 7 A HOSARITEBE T T > 7 A L g LTI OEEZZ I\ WD &R
FTHRIND,

BT T v 7 A, BT T v 7 AL HIZHIIRE Ts7 7 v 7 A% RET D2 ERERO—2TH
DM WENT T 7 A PRET HEAFIIR- LR gs-q 1% Ts-Ta 0 HEZE N —Hi LA E R Z W72 D EL
7T AX0QEMOHICEB T DERDNINEBZLND, EIOAAERANIEN N B 55 JRIA
LT, BT T v 7 AD glIRIR, MHXHBEIZ L > TREDT-D, BHET T v 7 AL R | &
R EFHXHBE N HRD SN DHKEKRTE e DLEMSMDEELZ T WL EEZ BN,

T A O B B (BRI AT & 0 b AR o Huls) TIXEPF &L TEWT 7 v 7 ARB b5,
O E LT AN AL E 3 2 FAREY; (88 7 gtz o % —) OB KOMEE KLY
HEWI ENFKE LTHET NS (K62), ZDOfFE 7 fiftt & —Ii3 il & 2 D B Ik (]
VLT, AR, ANEET, 2T HN D b)) O 22.2 T AD FAKEZLE L TEHY, —H ) 76759t/
HAZMHE LTS (E4E, 2008), 87 liCiEZ OECE rilimm. 87 HAES, /HBEJIEEO 3
DOV FAREFBEIT DL L TV LR B\l bt v ¥ — 2 F6ET 58 7 i FAGEFE T O
WA A, BEEENIL 4 SOEBFHTOT TRATH 5,

TR D> & O K ORI, A RIOFIAEF P, FIZh)IAK, BHEKE D bEWEZ R LT
7=, BEHBXERD TKIEZ x5 & LIoBFgE (RN, 2003) T FAKRLERES A & O i K 0O 18 BE 134 %
EALTHY ARNPEAEO R CIETEM L0 4 ZR2 FAKE DK & ik L COKIR EARBEECH
L EMGMHoTND, FARBEOKIENEWERRE E LTRN (2003) 1% EAGEKIROZEGIZ L DG
AKIBED R KR, HIRO ER WEOREUL, v U—FIH O, st KD E S
78 E DTN X — LB AETFEXA~OBITIC L D2 H 720 =XV F—HE RO &  FEEL
2 X D OB Z 2 T D, BRI TR 5 99 T CGEBHM, FREFRT O = R L%
—HE RO 11%) OEPEFBITHH I TWD,

B2 7 HVRICC b _AGEZKIR Cd 2 WIEAK DK B 5. TARE N T o= 3L —{EE RO H NS
FLZ S5 TWDAREMERS D B L0 HIXD NICHEEORWE 2 i TIE L 0 20O L HE 0%
FHZERTREND, FAEBUKA OS2 LA D I CIIARMIEORE R DI RIS O Pk
IKOBERHDFEITIR G o 7o T2 DRI 72 o CHRUKOKIR EAITEZ 6 2neEEx bhb, L
2> L Z OIS IR) N S BER SRR IS I3 K DSR2 2 1 2 M2 8 B 728 | KU, HIE O K2 8)
DEBEZTDHEEZOND, YHAOEBIIATFICLVHEEICHND D, XFZOB 1 HEHAL O
BE BENT T v 7 2L OEL E I OREME ) SHEN 247 5 L/ Nl S 28023 H 5,
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BHENT 7 v 7 A HOSARIEMH & 12 Ts-Ta OFAIIFE B L TWDed, BT T v 7 2D
DA DOFRERT Ts-Ta ThDES R D, BT TolT FALHEK, BEIEHIKZ EDOKIBRDOEA 22T
KTV, 2 HDOWAAHETIXRITICE N T T v 7 A&/ 2 L3 gnolo, fEr il
N T OREIROIEERFIHBEANAT O TN D20, BUN 25 2 D56, N TOYBAD R EIT I
HATENnEEZI6ND,

3.2. WE\T T v 7 ADLAA

BT 7 v 7 A LE, q-qs. q. qs. Ujgs ConD A% X 38~4T T T, ENT 7 v 7 ZIIBERD
B & LT HED BTN 5 1o T BRI 2[4 7 LTz,

10 A 31 HOWEAT T v 7 2 3B AR T/HE< 3 Wm2RRETH Y | il A 0 B BEBIC i KAl
DR OBND, LEDGHIL qqs DA —B L TWA7e®d, LEIX gs-qill->TRED EF 25,

KELDIE eNHRDODOLND @ BIFE—EEAREDLTD, ZOHD gsq 2RO TNDDIEEIT gs
T b, gl TWIEEE T5C ko THRED | BV FALBEOHADTRAT D LA D F B 5
A I T ERIZ TsOEWEIRBH RN TS Z &b, Z0 DRV H O LHAD
P OWENT T > 7 ZAGAETHOKDOSAARRE L TWDH EE R BND,

— 5,10 H 9 HOWET 7 v 7 A X HHA Y D OHIHLIHT TEL 2 EmA A LN 5, 9 BiX ¢
D DO DIZ DTS T 5 2 & &L WIRADB KR E W= Bl Y BEEo 75123
K &0 b IKIR O EW T AL O Bk OB X 0 K XD KR ORI KO8N 58 < £
WO THDHEBZ LMD, ZOICHBET T v 7 ZFFAT 7 v 7 A L0 & KGMDOFMEDFEE
AT T L, FOME, WEIREO SN & TR TR LT N EE X BLD,

ARIEB D3R 2 HEE L7- Sugita et al. (2014) TIEMIE OERR BN ERET D ERERN L L
TERGED A A 2T TV D A3, 10 H 31 BIFEZ 8 < | ZRIZRE D & AV IZBW T E o
Teted, WEAT 7 v 7 AIZMEOEEIH E 0 R onenole, = 10 H 9 A TIREEAT 7 v 7 X
R AR &R T E I 2 R LW Tz, 7 Ty 7 AT E LA 0 B C R Sy A O RN FR
nNsEEZEx6N5,

3.3. _MLIRFET T v I ADLAR

TWbIRFET T v A F. Cw-Ca, Uyy. Cw. Ca, DIC. Ac., pH, Cu, D734 X% X 37~49
W d, “LRFET T v 7 AL Cw-Ca DRARICIFIE—H L T 5,

Cw-Ca\ZBET 5, IRIFREIEIRSE DIC, IREET NV H VB Ac & KK & V72 s DK o gtk
IRFPRIE Ca |3 FEp,. —ALIRFREp, . KR Ta OZERW R 2307 =, 10 H 9 A,
31 HE BRI TIRE —EDME & 5, KEHEHE THDH DIC L AclZB L CTIXEhiE H Db/
S (K50, 51, 54, 55),

Cw-Call REREBE G52 T D CwiEITKIE, HEAMRE, KRE O, AWins), Rics
REEFRDKDIRS GRERALCINIIRAZLRE) Ik TIEESND (i, 1996), AHFFEx S i
TIZFRATH Y, KIRBIZE—ETH DD, 77 v 7 AnHOERREERIZEYIEE L FAT
HD, Brifio—RAENIE L OO, BAE MK FREIENZ &5 5 A RO EE BN T
kB DA pE R A K& < FlE% (Takamura et al. 1995) = & EARFANE BT 2123 6 N7
TROTHIZE VIRIEWEER CFEH, 1995) LizZ b, LEE RO —REEDOZETIREL
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WeEZ BND, SRIOIFFE G Tl DIC, Ac, Tw DZEAL/NES Wiz, Cw DEENTIEIE pH
ICEDRIBEO MBI LD b D EZEZTEL, TBLIRET 7 v 7 ZATEE pHIZ K> THRIESH
TWbEFE R D, By HEAKD pH8 Hith TiX, RIEWE DK 90%ITRBKFEA A & L TIHEL
TWA T2, REER ORI G-3RI O CO2T 1 FNT b= 7an s, KiR, 5y, pH
REDFMENEAT D2 L TRBERD YT T 5 & ZOREITBURICRIST S (HFFEIED, 2000),
B WA D 2 BTN T TOHBTIZ OWTITREET L H U FE Ac DAL/ NS | FFIZ pH A
7.5 UL L ORI CILIREE T V1 ) BEDEAUIZ L D7 _BRIGIRFIREE Cw ~D BT/ v (M 72)
72, pH O43fi 2T 2 Z & THLOMMHEBIEIC L A8 A AW CE el o 7 7 v 7 2%
Huldh L ITHEE TE D ATREMEDN B D,

PHIXIIFEA & FARLBAK D AT D TIHA D F B TR <L Wiz mdn 2 iz o T B4 518
R HI5, 10 H 9 HIZHMAD 2T 8 2 FEIV ., 31 H &LV &JRBUIH)IK DS Bli Tn
%o FToBROBEIEIC X DT EOHEN & RO LB X VKB SHERS SN2 &b pHBMEW
JRKTHD EEZBILD, 10 A 31 HIFEDGS < HEIRAE Z D IZ< W e WANG AV L
FATNT T pH 2MEWEEIEIIRITEA & FARKLBEKDEETH L B2 N5,

F B IME < AHERE IR R OAEFENIEFRIATON D B IEIE N pH OEHE T F~DZEAL
HKkE< 10 H 31 HO CwWiiaE X 2 B I13EE 0.5m F2fE T Cw s Ca % kA5 Z L e A BN D, &
o I O R & Pl U COKIED D THERWZ DA T ORI L $rE miciEAa LT LE D (R -
&, 1981) 728, ZO LI RGET T v 7 AN TRMIZAENLT 2 Z LN THRENS,

FIA Y BT & 8By e v 2 =0 D ORI TRAVAF, pH B KIEIZIKT GO
E0 1RER) LTWD, BN IEEHE HRFIZIXER » v b o 2 — O AR AR A, )]
KED S 1.5 EIFERmWZD, T Y R BRERE IR A RO FHAR Y pH DK (6.5~6.8 F2
FE) DERBICHE (X164) L., FICHEERED 7T v 7 ARAE LTS, FIZKITKE 2m 12 8%
Tdv, HEKOREEN 72 < 72 2 BRI AL 2 I OMANE 20 TORIE & SO O pH\ZF 2% KE
LTWbEEZILND, —FH, WINRENSENT S & ZopE s (¥63) 72, LAY &
BB OB IR AT T SR HOW) K OFEER R £iv D,

3.4, RN D

PRI T Dt & BRI, pH. CwDiE%E 73 (K34, 35), KEFHEROR)IKD
AR Cd 51 FAKITMAEM DL S FAET 5 T L TR0 . HIGoR#Y % IFET D
(FHE1E D>, 2005) 72912 CO T B AT/ D Z E R HNTWD (£ - &I, 1999), AHF5E
O GHAR T AERFE AT TIERDIAD CwiEEIC Ca X V@<, pH bHFIZ 7.6 %2 FlEl-> T
BOWOMED pH%Z N T 5@& %2 LT\ e, S OICHKIRHRFICITERBIRE S BD L, 4 LiEN
TpH B FTDHEARALND, ZOFRKE LT, BIIFRF T o> < IEHAORRR Sl &
% K D AZHADS LR AOIE T 22 AR E L R K I3 — %2 pH 5.0~6.8 -~ L (MM, 1978) ., {EMERN, Fi
Tt 72 E OISE O RL | EAFREE D BTN TR W R 23R L7z 0B | RHEHL /K O H D 5258
WENDTZ0LEEZHBND, ZHUTHEONT DA T pH DMK T 92 72 OWIK  O fREg 0 S A VAT
T ERFBAEMSE DL HFA~BE L, Cw OEITEKRFIZHTELS 2D, ZOZ LD, wif
(2013) 3 AHEMED—DIZZF TV B IJINC X 2 Bk I O B LR FE OAFITE Z &7,
te LARIEFHFEL 0 LK D Cw DfEiE R S50 @7 ili0 Cw HMEWEIKIEIN TOIE%
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REWRFBEOAFEICL DD EF X5,

Kﬁ%@%%ﬁ%%ﬁLtaﬁ%ﬁmﬂ%ﬁﬁﬁﬂéﬁmﬁﬁ@mmm®pH&%W%m@pHﬁ
—H LT\, ZOFIKE LT, Bl LR/ NR)ITIEY 77 7 b o oKEIC X
HERDEEIZ L > THBFFZE LS pHB ERT5ZERHLATEY  Brific ;m]kff50<
T OEENNZB T HREROBRNE Z 5 (BFHEIZD, 1985) Z EN%T Hb, BT Ll
NOJRABLSEER BT L 0 b/ S S TREDN NN FEOBR N E TWDH2D LB XD
N5, Z DT DI AR OKE % EFECHIIET 2 72 DITITABLOFR 27> 7210 )1 C UL IR H R O] 1|
KOKEHEE ORIEIE, mww%@%xtf P3O AZUT VLS TIT 9 BER D 5,

EBE W bt 2 — 2K 0 HIRW pH (6.5~7.0) O FKILERK % 85 » il m%bf
Y (X37), # JIIE@YJILE@%ﬁ‘/J‘ WIS IZ AV IR B O 7 Z » 7 28 X UVKIRE,

B R DINEREICRE S BBEEKIELTND Z ENSho Tz, FARMLEE TIX AT O LW, k%&
=R P THY BRWN 20 B IEHETBIED A o 7o AW 4 FRAE | T e 3 % 16 D@@~ﬂxﬁﬁ$%%%
WCTHARHROZER, U U E2EFALL TAE LI BRWTWD, 2 OB TR IR I

1K O HEREIR & AL L C R LRFICER L TV D72 KF o &MrfEVCWﬂLﬂ
UBFEAR T D pHIS TR %, [RIFHC2REE DIC b @< 725 & 20605 (K50,51),

MR D pH I, B TICEEET 25 IXH OHRMFB A IEFT T 3.88~6.22 (1 - fNA#E,2003) &
ARSI LD BARWMEZ =T H OO, KINZIZED 2FEMERN 2 (U4, 2013), #im D —
BRALIRFE T T v 7 A~OEBIIBREZOATHL EEX BN,

ARAFFED R GHUIRN 1T E EATWRWDY | FEIHA L O BRI E P & ik U Tz @y pH
ZRLTEY, MiKOEADEENEZ BGND, 2O Z OIS CITHEDIEE L EZE LR TIER
59, B pH OSARTET TIE, I OOBIIEN O Z OO 7 T v 7 2 HEETH 2 LT TE e
EBEZOND, By XK OM EEFIET 272 OFR & OGRS E )RR S 0 |
B HOKNMOFIEEIT> TN D, BWOREILZ OKMAOERIEICREBEZIT D2 L TREIND -0,
WEO/NSOCEIZE LT pHIZK D 7T v 7 AMEDMTZ D AR H 5,
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4. FEdw

BriflcBTL7 7y 7 ZA0MEATRERFET T v 7 A LT pHIZ, BE BT Z v 7 A
(TIAEIREE T DA —8d 223500 o 7z, WE BAEN, “RLRFET T v 7 RTEN TR
72 2 Sy AE A &R LTz,

TRA Y RO E LT, BT T v 7 AN HR» SIS ) ICon T EF. TEMbK
FT T v 7 AT A R ST, A VIS T DK O AR 72 BN 5 L I S 0
FHaTHDZ EME, B R TIERIEN D DAL L > T pH AMEL |, KB KA 5E
AL, WINOREWHERH (K200 H) O7®, it FOBE TS T 7 7 NS K DKFOEF
ZERbIRR Cw OIEE L A7 EIC K DWIKRERE OB ToID Z LT, ZbIRFET T v 7 A
XPEER L B < B AMEY ME NS, WIIEEL, BEEN T T v 7 A THGEAME S | BEEAS R WMEIIC AR D &
EZHND, L LRl S A D H R E CoK) Skm OHUEIL, FALELS O Bk &
BN DB 50T RO & IXRR D505 R~ THERH o712,

AN DR, B OFi i & FARLIRSG O D7 /NS (K169), HiliA v R
NAKALBRSE > & DWW AKRRIBIZHE L, WIKIZEO FTaind (X65) 7=, 77 w7
ZANTHEAR DL R < 2T D, — i B BRI D & FARLBUK DN E 5 T2 O D S\ VL
JIDFNIKDFEEN TR KD LD I278 D, ZOHE, KEDE <. pH DR T ARELS O Bk
DEBENRKE VA F BT TRV ED ZFLRE T 7 v 7 ARE T, I, BHEVG Ptk v
REREDMEZERT, KD EENT F DB D 2km (T EOHED SIHLMTIE, KEZ R
AVT X 72K B D T2 O pH O EH- KIBOIK TR Z Y, “IbRFET7 7 v 7
AR BT T v 0 ANT RS T D,

BN OFERDSIEIT 2 LK L B L TR WK BKRICIA L TL D7 HiPahs 2 itk
O T ARABRG > B OPEKIZ K D AE DRI, LAY S BLES 2> & I E T O IRWEIFH IS 1K &
JEKDFEREND (K64), FEHHREEL Y /KR, pH ORUITIIK, K8 KA KR 2 it
WMENDID, IKWEIFH T BRLRFE T 7 v 7 AP, BE, BT 7 v 7 AN 5,

TEMURE T T v I AR RET HERERO—>ThH D pHITE FIMOZERKE< (1X66).
ADT7 Ty 7 ANELTVDRHIZEBWN TS, WE 1m OWKF DO Cwik Ca%k Ell->Tkv, gk
IRFBEDOWINZAT > TWDHDIT TS RBIZROND Z ENEMIT T, 4RO ORER,
LIRFE T T v 7 ADNAAE pH D534 EI1FIE L TEY LR T THLRBEOBENEZ 50
Thiu, RET NIV EOECDEEZ T <D pHS 7.5 L EOYE, #imZ &0 pHD
il & W DBLETOE 2 T HHA Y ORI Z & D7 T v 7 X & @ THERI T 2 et & 5,

AR CHEEIT-T27 7 v 7 AdSHL ETHRBEETH Y (HEMNZR T T v 7 2540 % P b
XL T2, ZHEPIHINIT H70id, #IINLZ OO F /NI, YK 2R & OFER OB
B pH, AcOBUREWSMC L2 9 2T, 10 A LSO ZFEEHE KK 722 LI1EH D5 T TO/HIN
METH D,
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ATE

AMFTEZAT O HTY, LK FAEMBRE RO B AT, B 2T T, PFRHIEIC
BIFATERLTEERE, B OmTREBHEEZRD £ Lo, REKHH L P E9,

B KA SRV R B DR e T IE, FRIR R ER OO LEICERE R IHEEWEEEEL
7= Fio, FEMEEOFRAED T 2 [ZIIFREL I COEREL IS - TEROIE), BN E T
o TWZL e EBHEEIC /A £ LT,

TA - — s TAORBEFLKIZIE, BAOT7T —FEIUZFETTSETWeZ & BE2 MTEIcED 5
ZEMTEE L,

] A2 3874 BA A 5 R R 85 2 TR =5 P 0 7 RS B L2, (T EE S LT — 2 OB ORI &EiT
BIL TEIZHRHS L CWe R EREFEH LTl 9,

IRV ES 2 T VRIE T /KGE S5 I i s PR RS ) 1 HD =B IR & R R AR TR BR B BR B SR A KR R4
G ORANRITIFFEROIT LW 00 b b TBIMOT — & OIS L TnziZE E L,

MRS T 7 A< ) —F LHERFERER T v MBOYE I I~ U — 6 R BB & =
SO, WM OBRBEORBRR EE Fmo TR E L, B L EFET,

b2 b RBFFRICH LTS - ihE L2 W WEFESCKANZIZI LD LT 5T TH 4
2. ZOHFEMEY TLLELE L B E9,
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EHERE - REEF - KRR 1993, BB AL O KA, KPR, 17p.
e - EREA 1974, KB LT, &, JRNZHAR, 285p.
KEHE - mEHRE - IRE—K 1998, WIHIZH1T 5 DO & pH Okt =2 U » 7R a iz
BB, EWMRERRE ORI T TA. KEREEEARE, 21, 112-118.
AIEHER 1996, RO “FRMLIRFR DRI B 2 JAE T4 ORF-. H FEE, 11, 10-15.
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#* 8 EEHBLHLRIZI T o mmsHER (1)

HiR 4 e L JEL T
(m) N NNE NE ENE E ESE SE SSE

Bk 41 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
i S BR M X 6 0.001| 0.001| 0.001| 0.001| 0.001| 0.001| 0.001| 0.001
S TEEE | 204 0.84 | 0.9125| 0.985| 1.0575 1.13 1.073 1.015 | 0.958
RYLZEPE 7.8 0.313| 0.260| 0.207| 0.153 0.1 0.278| 0.457| 0.635
# 6.5 0.565| 0.519| 0473 | 0.426 0.38 | 0.414| 0.448| 0.481
HE 2 IR 9.4 0.29 | 0.285 0.28 | 0.275 0.27 | 0.228 | 0.185| 0.143
B 6.5 0.405 | 0.483 0.56 | 0.638| 0.715| 0.637| 0.558 | 0.479
TR AT | 12 1.25 1.235 1.22 1.205 1.19 1.183 1.175 1.168
WIROREERT | 12 0.24| 0.258| 0.275| 0.293 0.31| 0.545 0.78 | 1.015

A AL 12 0983 | 0.975| 0.967| 0.958 095 0931| 0.913| 0.894

BRLAY S 14 1.033 1.054 1.076 1.097 1.118 1.144 1.169 1.195

A 10 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
] 11 1.19 0.988 0.785 0.583 0.38 0.569 0.758 0.946
ok 18.5 0.675 0.675 0.675 0.675 0.675 0.589 0.503 0.416
e sl 7 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
BRI 7 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
JERAE 9.5 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
AN 5.5 0.755 0.841 0.928 1.014 1.1 0.973 0.845 0.718
& 11 0.45 0.405 0.36 0.315 0.27 0.228 0.185 0.143
5 5 0.9 0.678 0.455 0.233 0.01 0.01 0.01 0.01
i) 8 0.1 0.1 0.1 0.1 0.1 0.143 0.185 0.228
SR OHAT m
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S SSW SW WSW W WNW | NW NNW
HFF 41 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
HRSEERE, | 6 0.001| 0.001 | 0.001| 0.001| 0.001| 0.001| 0.001| 0.001
SRS | 20.4 09| 0.944| 0.988| 1.031| 1.075| 1.016| 0.958| 0.899
RyhZEps | 1.8 0.813| 0.675| 0.537| 0.398 0.26 | 0.273| 0.287| 0.230
4 H 6.5 0.515 0.57 | 0.625 0.68| 0.735| 0.693 0.65 | 0.608
FE 2 IR} 9.4 0.1| 0.108| 0.115| 0.123 0.13 0.17 0.21 0.25
JEE 6.5 0.4| 0.476| 0.553| 0.629| 0.705 0.63 | 0.555 0.48
TR T | 12 1.16 | 1.175 1.19 | 1.205 1.22 | 1.228 | 1.235| 1.243
RO AT | 12 1.25| 0.998| 0.745| 0.493 0.24 0.24 0.24 0.24
FaN AN A 12 0.875| 0.894| 0.913| 0.931 0.95| 0.958| 0.967| 0.975
TR | 14 1.22 | 1.213| 1.205| 1.198 1.19| 1.151| 1.112| 1.072
50> 10 0.001 | 0.001| 0.001| 0.001| 0.001| 0.001| 0.001| 0.001
T 11 1.135| 1.116 | 1.097 | 1.077 | 1.058 | 1.091| 1.124| 1.157
Tk 18.5 0.33| 0.359| 0.388| 0.416| 0.445| 0.503 0.56 | 0.618
EZantl 7 0.001 | 0.001| 0.001| 0.001| 0.001| 0.001| 0.001| 0.001
S 7 0.001| 0.001 | 0.001| 0.001| 0.001| 0.001| 0.001| 0.001
JBRAE if 9.5 0.001| 0.001| 0.001| 0.001| 0.001| 0.001| 0.001| 0.001
N 5.5 0.59| 0.611| 0.633| 0.654| 0.675| 0.695| 0.715| 0.735
T 11 0.1 0.1 0.1 0.1| 0.26 0.45 0.45 0.45
5 5 0.01| 0.033| 0.055| 0.078 0.1 0.3 0.5 0.7
5l 8 0.27 | 0.228| 0.185| 0.143 0.1 0.1 0.1 0.1
XHEEOHIIL m
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