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A A5 T P SR R BREE i/ AT B8 ek, A1 Sl P AR 6 400 238 D08 Bly o 758 SC
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HIIIE 2 ERIR o XTI W12 i A W) R 2 s ) B I 2+ 0 2N 1 [)
TR S AR BT TAE, SRS, P. Steinmann (1907 ) 1,75 7 [ F i LU b 1% i A= 827
WFE, 20 thad 20 4E4%, B A A% F A. Thienemann (5 [E ) B9 T.4E 1 K. E. Carpenter
() & EGRN IR K

— 1R KRB AT LUK T 12 B E — A& 35 1 NI )R A o o 26— PR LA
BRI RGBT 2 /F /2 H. B N. Hynes (1970) B9 I sk AR 255 ), e 45 2 A
Forel BY#ATH 2 AE M 70 4R J5 [ HE Y . 25— BR0 & 25 ) & K2 7E Qi sh K AR A= 28
£y A 15 4E 22 Ji5 (Mitsch #1 Gosseling 1986 ,1991 {&1ThR) o

2.2 Z“EKHEHBEERAR

BRI T 3 — 1R IIE 2 R TR T gk Lo sh 1. 7ERR
PNV 252 192 2 1, August Thienemann (1882—1960 , %[ ) 1 Einar C. L. Naumann
(1891—1934 , Fiig i) JE (07 1 AR FE M AW o AMBATTR: 1922 45 R sT 1) [ s B8 Rz FH 8 T 2%
MR N . XA B AR IR B R RS EIE S TAEE AL (E 2 -1), 8
PRSI BCEE 27 23 (0 24 FR L2 A AT TRV 2 W A AR 98 05 Il B . XA IRE T
PR Iz R PO A 2 5 KA 2 RK S 7 AT VA 27 1 H At oz
TS AT 50 B F R, sk A A 2R At (HU p 550 X SR B 5 M 1) 56 T A 4 &R
G AR I T 2, IX SRR R RE ERTIR I VE 22 R

FE WA BRI 2 1], 1 27 e LR o8 BMALAS B R i R R . 55 R R R 3
K Z B, WA A AR XA 00 W B A5 DA R R 7 AT T AR B
IR AL L5 1 A8 Ak T L3 BAE A 14 A8 Ak O 52 e Bk 4 A ) b BR AL 2RO B . AR IX B ) B
IKSCEABEGE o AT, B A S WA B kR, IR U 7 8 28 U7 T (Hawkes,
1975) o F iR 074 B2 B IIVE 2 20046 E. A, Birge ([ 2 —2) Fl C. Juday (S ) ; 340
THEEE 2.4 77,
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| 2.2 | —ssmime R

K2 -1 2042 20 4481 August Thienemann(a) #1 Einar Naumann(b) [ (a) i1 August
Thienemann [ 5 JE $24k; (b) A1 Max-Plank #7822 058 Fri it |

CHEOR b 30 o 2 0 I sk 2 2 4 At )

%

2 -2 1920 4, Edward Birge (/) A1 Chancey
Juday( 47) J Birge #4211 V7 Ui 2B W SR b
A 35 1 T R R M — N WR S TR Sh

THIIIR], TRIRAE R WA A A A AR W R A 5 T RIS A R . A T A
W5 TR R RET O T TAE R (it Hi TiE 5 R MERR 5N, X 2 TAR
BEARRINA RN, IRBTE R Y = IR STBOR 7228 22 i, —Uabm pg i
AR ALEE TR AR B WIA ARG 2 (R 2 - 1) o 1928 4F 711 1929 4F, L1 August
Thienemann 1 Franz Ruttner (SR ) S B FORR A, 72 ETEEJE PUEHEAT T 230 10 4 H f93H]
TH A, AR AR T IA 11 45 10 000 22 5T Y SCF 1 3 000 £ 5K 5] 35 (Rodhe,

1974) o SEPIIBG RIS 16 Sl B 1L 58 2 RER TR H X B0 WA = OF T A S5 o

T BB WA 2 ) A RO 1 B R Tk AN B A I SOk 2 2 N — BN G
UG N AE B IIE AT RIE L 5 ~ 10 4RIUS Y . 75 1B s SCRR I , 3 3e 437109 1Y
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WA BT PIAME AR E BT . 55— ,20 b4 20 AR UK, XHs 78 2 (1 5T
R R AL R H A . AR HAS , WA AR5 32 F8 A IR A B2 L R o AL AR Mg e
NHIITH 23282 i D. Miyadi, S. Yoshimura FUH Al BIS2 /9. S. Yoshimura HIfh Y [7] 3
WA= E R 207 A T V2 A8 A STk 53 40, AL ITXH pH JC il B pF 5 b
TR ZEIE AN TR B 50 WA AR A R R R IR T IR e PR AR i IX . B3k
DRHH A P 5 , PR FIAR A Ml IX A S e 57 1 VR ATl (3R 2 - 1) o PR, 7R b AL ¥ A
214085 3 11 6] 5[] S 7 ey AT AR (] sl AL P8 A B AN A2 DA T )

— BT B OAR (K 2 - 1) AR RESZ ZIRE AW 5. 20 HEZCAFTRL = AR R 1e
ORIz A AR R 2 10 AR BRI (], A SE AR AR T ARAA B
Fleg %52 . flhn, J. Jackson (1833 ) A — R BEAAR I 1921 OO R R S B2 14 £ JEE WL 45¢
TIVA < 0 13 AR 1 0] B e TR SR T B0 s PR A B WA B AN )RR AIE ) o X AR T X B
JEWIAME A AT ST TR A PR GE . AR S AR Hh AT LA RN (R
PTG . 55— A HE A9 T A A Smith (1852) 5 R T Lz e iy X 2043 1) BF
Feo MEIPETS ZEAECRTN - A2 e O TT IR ) (1872 AR % 36) BEAMNTIR RS 11 100 4F
(DLEE 27 5%) o ELE N ) A BT A B ( Cowling, 1982 ) LKA KRG A 5 -5 v 8 By RS
34l DXL SEARAL IR S R BBt 32 BIRR RS20 2 I % E A 2 B AL

2.3 WBEHNER" M

iR 3

August Thienemann ( 7[% ) F1 Einar Naumann ( i #it ) 55 Bl 57 7 [ By 238 AR FH 8V
o (B4 E PRIE 2% ) |, Al 2 I BT R WA S5 M P A TN U
(] 82 e 4 30 AF B WL T 2 5 S CHC RS e BRI 23 2R R 5 | 9 7 ik A8 WA % D g
BRI APUAIEFTRIZr o A Thienemann 45 H « “ QR JA A 1A RIS R, Fef T2 A 8L
FARFU T AT o SR BB 1) A B BRAR WA, B AT TR0 200 0TF B4R AIE K Jm) A
REHEATI22RT o AATTRIAIA 73 SEAR 75 5 B , R D o0 A S AT 2 B e B N3 i 7326
Y2k, i 538 Y15 2O d R SRR B KA A = BORREEA T 20 102 . b, Bhea et
FEEBRRAIIANS 19 HEBARL 2 AR o ABITIA S BE2 2 A AR A B SC 4l A Ay
Fak YO EET I EMICHHESI YA 04 W0 T AT RRAIE 2328 ] UK R S 2R 0 7 2
Ko B AR W. H. Pearsall 153 6 547 8 UL A BF 58 TAR, FeATai A 2 AR E, K
PR B X R R I BE Ay AR B0 23 A1 1) SEAR KA AR XA 2 425 (] A7
(AR T e BRI | b A TR TR AR S A R R . BAER
K, T BRI T BARAR 4 2027k I AN H T

D T IR A 0T Bk F AR R B BT 5T (T WU A (Picken, 1960) .
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e, R A e (s BSR4, WU ) AT LAAE SR BRI5E 2% 18, 45 D31 J Ve e Aok B2 4 1
/NA W), Thienemann SEHIA T DU TS HH LR AP RE 02 HORZEAT ) 70 i T3 IR AR
HET 2R DB AN RIS AN [R] T 5 >R I8 A5 59919 , Thienemann , Naumann [z oAt~ 7%
R A BT 73 SR A (RIS, AT 3 B0VF 2 52 2% 0 JET7 L I - e . IR EE T A AR iR
SR A A Kt AR S DU e B A Y AR AR AR (R,
XoF ] 4t DX 222 RIS [ 3 DX 980 9 30 £ 2 i, T T ) B A2 2R 19 03 26 T A A
GRRMLT o 52,3885 gk Z ) i i AR AT RE 0D o Ty ik 2607 g AR B
TE PRSP SIS AR AN R BT 2R I R — FhJ7 ik nl RE AR B A R A S5 e . O IeA
WA ARSI 1 T S 7 207 36 T AR i TRl E 2 2% o E. Naumann HUHA 2%
F R BRR ) 73 ST A N T (Hawkes ,1975) .

BIRIX B FEAE S K B, (HR S 2% A WA 0 JEIE T 2 W T8 22 e i) — A L
FEAf o X SERTTEIEA [ A 2 BRI 5 | e — i , ™ A T AN RIS 22 [B) 64 FL R TR
WA F C S T — IR R R TT Il . 4K, LA AR A oA HLAR s 2R & B 1Y
WA e 2T, N N B B A i th A2 R GBI 10 2 3 ek 1 oY
Tk ARSE X T ) T AR

N
ES
A,
m

Thienemann

Thienemann & — B HEA H 9 242 2522 5, AR B JUMARIF T (MR AR 922) L 18
SEUIRERE (A8 TH P o) iR AR . BATE 1914 4 At IT 4 DA g5
TUTAE A5 R KR R S8 B BE AT ST ( Vollenweider #l Kerekes , 1980 ) Fl 2 25 R Gt &
(Rodhe,1979) 42 HH4T T 7 £&4ili . 20 42 20 4EX)5 , Thienemann 3= 2235 T K Rl
KK B (FRI0) B MARA 2 A R 259 . S i AOK AR 3 s AR 282 1 H
HE R ENTE R AR R A

Lindeman (1942 ) 7EAt & A7 52 Wi 7 7K 148 F2 A BRI 8 SC (UL 2.4 795) B 42 5
Thienemann J¢ T #1105 210G B ) 2584 1 HE 2 (A. Thienemann,1925) .

Thienemann 7 JCITAAE A 2 40 5k S A7 (0 HE & 75 B RN VA “# ZAT 0N TR] , 76 5 b 2
JF F AR L 4R B AL Birge Al C. Juday B9 SCHF (L 2.4 7). & WIE], Thiene-
mann 7ERR Y ) 52 Wi S B, H 44 75 7 HAb ) T 2 58, 0 45 R Y E. Naumann,
C. Wesenberg-Lund ( }77 ) , F. Ruttner ( B84 ) , K. M. Strom (#F /2% ) , W. H. Pearsall (Z£[F ) ,
L. L. Rossolimo ( 7315¢) 3% S. Yoshimura ( H A ) 58 A2 b BR T b 8955 7 (460 Fi30) Z
4b, Thienemann &M 77 4 %8 Archiv fir Hydrobiologie ( 7K 4= 4= #¥)~#4t ) 40 £24E . Berg(1951)
N ITE 2= AE Thienemann {44 Z R 2550 06E T R A7 5Ll . Berg £ K Z 5 1Y
— BN A 26 T R Thienemann I 22 (I8 2~ & 90 .

@ “ORBEUEHES BYFRATHERT B AR B R — AN E A o ZE X — S DU, BRI FOAS R S
¥ 2. ” (Haldane ,1937)
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Naumann

Naumann X527 TTER 3220 TABUE00 BLoE . 1919 45 Abget s n e  /UR s Ay 1t
L5 PRI AR B CRE DL S 2 I (R AR FAE R R o PR S I IR AN BRI 7 K v 1078 %
RV B2, Naumann AH{F IFEFAE ) 4L AT LAAE R 38 3R 0 W B2 B8 7n ¥ o AR B 2275 3% (oli-
gotrophic , fIRE F% ) Fl & 5 % (eutrophic, B F73d B ) , J& Rk HE A0 _E 38 F7 (mesotrophic, 7 %
1) ISR SR AR WA AR R AR IR o SRR T 2207 R 2 i ) 1 2
BN A7 B8 B K, Thienemann (1925 ) #4252 1 X SEBE &I X Z #4718 4. Thienemann % B iX
T 532 EARTE T3 A R S A A LY 00 (A (03, o R 8 4 o ) 584 239 o
FE B BT KA R S A AE T 1 545 Ml U /DN 9 R 7K A 48, Thienemann 13X 28190 F) Ry 558 57
(dystrophic, B FRELE) W, RERZESEEF MW RIETRY) M5 T E RN
S NN TR AU E S UM EPE & v SERTT =R

Naumann 755 72KV HAl EFEATHIA 53 2800 [, AR BIA A B2 TP R 58, K
F Pl b 4 55 R AR A A 5 DU R AR o A L AR B KA ) i sh A Az
TIPSk BERE T HE A TH 29T (R A= AR S BRGS0 LU BT 5T ) A 45 48 Bk
Ve B RFTEM, [HJE, C. Wesenberg-Lund (1926 ) A A Naumann [ X &5 A7 16 & A8 P
B = a ity #5240 Naumann 520 S 2 1€ FE A E Thienemann,, Thienemann 274
T B 2 R 58 A g S e B, . S. T. Forbes (1887 ) 21K K “ 54 ( micro-
cosms ) , I BT BE R BEASTE WA 19 9 7R 2548 70 [ 25 B IR AEAL . Forbes (WL AR
FFRNVF Z W #2AIN ) AT TACH A Z R S0 5 TR R R S8, X WLRAE 20 ik
W | T — A A 2557 G R ST AN R K R G sl b RIS o 91N Ry g B r
AL A5 EE T R DA A B S AR T VA 22 6 T I 385 KA K A% i (4 F 5%
DGl XA 3 T 20 T2 60 AEAR AR HITE A AR (Vollenweider, 1979) , HE 4K
WSR3 AT

2.4 WBFHNERE =

Birge #0 Juday

AT 20 4, A6 3E BYMATH 27 5K 32 B 7 2 BE 24T 5 32 SO R 2 58 I HL a3t B 2
FLIREIEZ W, 13X P AL B 2# K 2 Edward A. Birge (1851—1950) #1 Chancey Juday ( 1871—
1944)  AbATT i) 52 Wi 222 370 o 3t B A ™ A IR 0 322 B U1 5 1) RN R Bl 1 90 9 7 K AT T, H
1890 4EFF 4fy, i VH 27 #F 53¢ o0 L 7E 7 K i B Ml (S Forbes, C. A. Kofoid ) | %5 # AR JH
(J. Reighard) \EIZEZ244 M (D. S. Jordan) ARZ M 41290 (J. G. Needham ) | B FE i ZE M|
(G. C. Whipple) ( Frey, 1963 ; Bocking, 1990 ) 45 #f1 i 37, 1920 4 & 1960 4E, ZF KW &
(R. Langford) FIE% 3¢ HJ7 44 (D. Rawson ) 8 A I R BESE o (HAE, A —A
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pA MBS R AL

O RE AR BT R 2 27 I X6 T VA = 1) K R A A ZAS ¢ A T iR

> Birge 7E 1876 AF 1 A BT HE AL K 2% I, (D= 1) 2 0 i s ) AR 8 S I 9T . 1904
A AT R IR RS B AR 22 1 BT B B I A BRAL A A WU AE o 4 4RSS Juday ok B
JEYT R B R o AT 0 B AR AN R AR B T R R AL I H AR L A R Y
A I HL SR B R ARFAFAS AR W5 |7 A2 A AT BRI R  3 4 r
A AA (Mortimer, 1956 ) Ht[a] 2 5, 3 A A >4 i (51 7 K [ 04 22 22 BH5 VR 25 A AT 0 W78
WTEITRE TR RT S, AT B TR T 2RI A T AR EOR . @
T XV Z2 AN [RI T AR TR R Ml S5 o7 & 5000 1) A, A (TR 2R T 5 I 4288, I X Thiene-
mann N HC[R] SRR D JUANEE b R J6 58 5T 0 10145 21 0 45 5 0 F 2 H At 190 04 7] g
PR T ORBYMNEE . FE R A A 1) Bl B ABATTHE A 3R ALHIA (autotrophic lakes) Fl
572 BRI (allotrophic lakes) X3 FFok . 8 3= BUBINA A A HLA) 3228 b1 030 1990 9 A 7
Pt SRR A LRI T BRIV A B o A AT T A TR 3 ik = 3 i A SR T
it LB A (B 1) 55 1A T 0 T A R S I (BRI ) X . B
TP K RIS S B R RSB T A SRR T AR AR I 8 7K D RN 5 55 00 o Fifi s it . Birge
N Juday & BUSHVAAEAE & SR8 09 IR (autochthonous ) F141E ( allochthonous ) P F Bk
Wo XA KB I 8 R ATE o

Birge 1 Juday 7EF] FH & 2 BOWE 58 W00 B9 A [6) 4R i D7 Tt 5 A0 AT i) o ) 47 A 1XC
Ao AATATRENENAAE 24~ AR 2 24 AL FIAE WU BR BE 1 o041 o X R A REAETE R T 15
BRI A e 2 /DS . B TR R = R BE #E1T LL#K, Birge il Juday
S G RN [ 47 58 Ry 52 2% %) o kLU A 7 12 (A o6 I TR RO 2 2 Rk FE B BT IR o (B
flA T = d5c (A B R GE 1T Be , AN REXT BAE AT WA R b . 5 WO [ AT — A, i 1A 8l
T2 B HUA RGeS A (T ) | I LA X 9V 2% 3 [ P AP AE R (5 e T
Birge 1 Iuday T4 A Tk, Mortimer (1956) 470 F 0T

AT R WL BT A0 A0 ol T S HRE ) e e LIS 2 P i ) A5 SR IR AR S
o AT R BB FENE F W5 B AT B985 B2 ™5 0 o AT A Okt
R AEABAT S8 TR e

Birge ZiRF, 4 1 BEME 0 & WV A% Jm , A0 200 mT BB M 58 o WA A9 52 2 5 T, 54k
Mortimer (1956 ) T 25 5 #IE (integrating properties) o JXLELEERHIE“ C% T H1IA FAL
AP R B A G R Bk T KR EE N FLE G E ST . Birge 1 Juday FHIF
it SR 3 AT AR WA A DI RE o 33 PRV i S Z2 R LB AR B FH IR 1 e ke, —
SRR FNAT B IR B2 2 53 AN PIABATT IS SR R AR 1A 2277 5 3 B i PR 7 B0 AU
fiE. 1928 4F, Juday FI Birge S H[F S WA A K FEEFR TR —IN 7 L. X
AICER BN BIA IR EES R (W5 8.9 17 21 %)

70 4EJE 4K, BRANTIRA 5 458 H Juday #1 Birge L) M R ZE R B34 i Bs  Ge=
B e LT B Gei TG 5 0 i &2 (replication ) (Y B A TUR 2, LA K 19 i
20 LB VT B W0 AT AT T R R e = A AR
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Hutchinson

1940—1980, [ Fx 1 H % M A S FH R I & A Fm I AW R
G. Evelyn. Hutchinson(1903—1991) , Hutchinson T f# I #ES: — 510 04 WA 7E 2F0F 78 ili 3 .
EAB R AE , VR BRI [RIRR 7 SCHR R ) , 178~ 50 58 Atk B v T 50 R v 1 i
HRAFSE I BV . 5 IV 1T 2E AR [, Hutchinson A7 B8 J7 1 HA X4 IEHCA 51 AR
Yrerh o AGRBIE ST BRI G e A E B B B P O B . Hutchinson 42 7R 3% [
AR B FE il A 5 O BT SCRIG 2 BITE 7 RS A R e )T
2 ST 7 IR s V5 Birge Al Juday #SRR[A] . A58 /5 ZERIAE (EREE P BCHES T AF
FETANE BRITSE I 56 E U B AUARAL AR AT o (H 2, Hutchinson 708 H Y SRS 78 W1 AR
R BRI IIE A A 028 TR 2 AR SR DT, LR 3 BN B
TH2E8) (1957—1976) . 55 4 45(1993 4F Hh ) J2& 78 At 25 HH /5 AR 375 il 1% 28 10 8 BT A 114
13k 3 4 B, Hutchinson XF#VH 2 (1 8 55 THEAT 1258 0 A AR EE - 25 i3 80 7 27 iy il
R ST U 1A AT R E X AR L3S 02 A K ATRE T Hutchin-
son FAVFZA0T RIBEFEAEFNBY T, 33X LERIFFE Az A1 Bl T MAB A B8 VAR -3 1 ki ™
TZ R PR g L T AT 7 R AR 82 B e LR Y o Al m] i A SG TR 2 T
FE AL UL R, EE At 52 0] DR A P A T L At s 38961 A S0 B A (i TSR R <
Al VEFE) KD,

B FEK

Hutchinson 5 KU FIAL 362 44 (4 1A 24 BT 3E AN [R) Z A0 78 T i IR 5 1. Mk
WS 2R GeAS T B2 DBE AR A B SR 5, T 2 3 2 P 8 B 9 1) 454 A 43 (o 1 2
s RS RS SREMAESER ), ARJE A 5 41 il — K7 (Hutchinson,
1964) o R T ABCENIX — i, by 0 HG Al 2 3 A 251 A R AR (R Vi AR ) J2 22 4 0 1 A
NS 3 A BAE ST 17, AN R R 22 ) 7 AH B3 e R R 20 0 /N o A S R 22 8] 11 AH
AR A5 AR RETR FRAE B S AN [ RSP A REAE RN 15, I 2 B A AR
RE A% (a7 0P b FH 45 AN 21 Rl 15 2

Hutchinson 5¢T#INA M HA R GL 0 4544 5 DI BEJE RG4S 473 CHIRFFN R & 7 )
PE S WAL A5 R 8T 807 2K Volterra X 35 4 FMH £ — #5420 & B W 5% (Hutchinson,
1979) . b {7 B A B 8 UG T 95 > 0 o el A7 RS 7 05T B o 44 0 R ) S o X SR

@ TEMAY B 1% 5, Hutchinson (1979 ) #3134 2575 gl e B — AP Ml i B it —Ji o 4R B Birge Fl Juday
THHAER M PR TR B 5T T BT b5 56 - T3 T Z 0 WITHE R B B30 F A BRI 56
— ™5 PR FRARARL 0 T8 AT b AT A B — A E B M5 B R S AR K 5 D — A st F R R e e dig
A EARARAE A B ME . FRINAE M Bk LR A AR 7

@ “HEWFRENHS AN BE T MRE 2 RGN RE . BN TRATAB AT g8~ , T FLb 250138 45
Ao 2 R AHEAE R (Harris ,1999) .
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2.4 | AsmE R L

GrRN AT LISE InBER S5 0 o XTREIR A S R 1 AR A R B AR EVR S5 A A A i R B X
AW, B H AR IR ) W00, , S ik 2K SO At 24 5 56 B SR A7 AE 6 R TR AR IR
INZ RN Y U AR 2 — o AR IRI A B R R TR 450 5 DR A i i PR3 1> 00
RO T AR AR 50 AR Z A o W R L LT By A4E W/ e D A AT SRR AE T
TS 3 T H AL 5 T DI T 2 D) B8 SR 1) W s 25 DD W) 45, 3 28 0L s AR 200 T
AR (TS A ) Y B A

SR, F I AR A2 K P e JUA LR B KRR Ry 255 £ 45 ( Thienemann , Birge,
Juday ) 53 i3 2 Gt 2H 43 W) 2H 2% S 08 28 ( Hutchinson ) , H 3] 20 {42 50 4E4Y;, Hutchinson 4
XA R e A 4R o A BT ST A T 2 B AR RUNA AR 7 IR e R, DL &
A A P B PA HUAR SRR A R (intermediary metabolism ) AR 5E T4, 72
ST UER L — O L ET R A B2 5 . J5 %, Hutchinson W5 32 25 ] ¥ 7 20 B0 ) 2
R~ FN S AR IR R SCHE AR 3 atE RS IE . EEEMEEA XAESREH /e
i 2, Hutchinson LI 2 LA AH 52 00 B ) Fh 5305 25 80 5 AL PR 08 B B R 1 &R
Gt , At R RSP LSRR VT 22 TR 2 S T 9 Al

Hutchinson 7548 H Al ¥ B F1 S VE CIBITA 2418 ) B9 56 1 45 (Hutchinson, 1957 ) B}, fR 4f
WA T Birge Al Juday ARG . G 9A AR ST A0 AL 70 FHZH 21X SE 20 73 (1 240, 55 3009 BE
PR GOk ) G R ISR 2 2% XS A T 08 o D B B AR T R e v T B S A
Koo WATHZFAEX LE )y T A VAR A R AR B A RS2 5y A8 A5 A W5 | 7o Aboxo) il
LUV ARl AR R B DG R AN A I R B AE Y S 36 L VE 22 B0 R R IR SR 1 i
JETE R T EEIA AT D 24 B (1 3 30 27 DR S 56 T b AR T 0N 43 BT 1 R B A
A PRS2 (IR ) BB R RS S AN G, 7 20 2 b db3E L
K BRI, Hutchinson AYI1YAMESE 7712 55 Birge 1 Juday K A A B 7775 KAHARIE . Z A7
P&, 764} Hutchinson #HAZ A THETEH 2 WL, Juday 2425 2 “ Hutchinson #( %45 — L&
ARG AR, T SR At P 52 10 2 R T A B 2 WSS e At i, FRATT I A At ot A
TR STHRER AT A T (Hutchinson ,1997) .

1942 4f:,Ramond Lindeman % 3 | — & A & —AN W1 RE I 09 BLARBRUE S, X R IR S0
SEAE Hutchinson 2 i (9 %~7 5l | ( Cook, 1977 ) , Zid 0 43 B E 28 G380 CE
R) BN REDRER) — R E R, XS R OB U S AT .
PUHT B WSO R i i BF 58 7 2 SRR G Z A 46 Ry o L. Kindeman (1918 305 — I 4
SEI AR TE 2 SR Y Chancey Juday 9% 38538 XS SCHEPEH o X 18 SCEUIE A 12 |
s B AR BT E 07 A28 00 h i DB LA 85 R i B i AL S 5 A i 0 5
e N N D/

RAETEF Juday F1 55— FIA P S. Welch (1935 4ERCHATA ) BUFESH , iZ 2L 3

@ Thomas Kuhn(1970) 7EXI L2 AR BEHEAT M 48t , 707 vk FA TRAL S T5 B AN RE AR DR ) R A 2 4
3o MRASBOEGAR B 2 B G AT IR B IH 7 75 -l R BERE 6 B 3 1 3 IRD st
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TEIX AT 45— 3B L ) i S %), Lindeman (38308 J2 45 AR # o X R I8CHI R Fbn
A R AT S Y B A ST 4 1 AR LB G AR RCR BT S E IR T R,
FAT T RKIGARBON AL S WA AP PT 22 FIEE VI 25 . 05 149 30 ~ 40 48, #1110
ARG A EAE R TR B0 B RS % T W = (RS BEgE . %
TZ APl A Ay e A 0 ) (P A2 9 2 ) , Hutchinson , 1961 ) W] R 1 42 5 0] £ b
W] T A AU S 22 ) K AR 2 5, R T VR 22 X PR T A IR RRRE A 1Y R e sl 26
SRR EENI .

2.5 ZHIFHREBE

TR P T E 2T BRSO BRSO T AR T O
A BRI K B B3 () AR FIR R B, A5 W T 2 WIS 20 42 50 45
O IIAS BIRAR A  (R 2 - 1) o iy BB 2l DU AUV g 0952 R IR 1S 78 7 25
Pl . 60 ARAULUG  THEHLAY A AR R A B 7 GEiH 0 i EC# B SE il 28
T A TEAR R AR B b e g 1 At PR AR I RO TS, T 2 AN 2 i WA B —
AERI o AERRIHAIILSE , i T 60—70 AFAURR I [l B, fof 1 R~ 45 LA TVAR & %%, O B
RN Z . RS RE S, AR T 70 40K 2 80 4-{UH) .

TR 30 AEIA], VRZ LU 2R R G0 RIS AR R 1 AR 2 5 Ak L
FMIA R A BRI H A EEOFF SR 45 : O3 E A H. T. Odum &5 i3]

DA RS54 s @B K KRR 5 1Z i T 8 (H. B. Hynes FIb (14 2% 4=, N % K ; G. E. Likens
8, L) s QWX HEAK X R M S5 T AR 2 (4 44 £ (R. AL Vollenweider, B+, T K) ;
@M W. T. Edmonson J& T-15 /KI5 A8 BRI VK 52 (1 RIS, 3 WU 58 % K b 52 e 1
WA B ;(®D. W. Schindler 25 (JINEEK) I F 4 22 G048 7730 FTs e M A B 52
5. BRT Hynes MF5E40, Hopb AR & R R /) 4 i AT 0 H o A It , 3 SE R o
XPIVE 27 A 2524 B B B, R T 2 R T R dl o SIS
1960—1980 , i 1A 258 KA T 8 KAR AL . FE X ZHi A58 30 H 8 5 i SRS BHEA
GUBRE R FNAT , A B BEAS 2 — P58 AR s R B B, I IX 20 AR [], 76 E BRAE Y
T H (IBP) B %2 B T (Rzoska, 1980) , %z ik [Fl ZE 41 B i4 £ () 2 “FRHIF 5T 1A BA. , 33 25 141 BA BE %
Pt RIS bt 25 B A 2 ORI A2 4 g T S, {75 0T 4 W iV U B HL A /K X ) B 5 B A ]
it EBRGERFR2GEX HE—L T KR DIRedl s 2 E 2 . KEdE RS
RN R R G TPV 2 A5 B A AR L T RSN )y, HR BRI AR SR K

© “BEERRFZMHEEZNEA WA EIRA . A2 IR d Ll 28 AT AR AR SR
(de Solla Price,1986) . J& T-HAAIR A AHHA A B UL (Kuhn, 1963 ) , PR 3L =2 4 — DR pa K HZ 1Y
e R B E R S AT AR (Rigler, 1982 ) o 2 IR 14 B A 28 ULk 8 29 IR F) 1 B3 AN 274 2
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WK BT i AT SE 8 S D NSE AT AT E e 2 v o JRAE AT A A i, 2
BONIRARZEFEAT A ST 1Y 2 LN 200 A2 28 R G R .

EHafl S0 A=

JRAE LRI 258 AE S N LU 2 AT fn]— > B A AR B Ay i B, {H 27 20 i
20 80—90 AR, P IR A -4 ) T —BURw I S22 kR . 7F 60—70 A8, H T
WA A5 28 B Ui B0t 225 R A 98 RO P Sk o JERHARF ST B4 7 Tl A TR) BB 47 PR b2
FUYE AE BN AN W b AR A FE 28 3% fff D SE B[] it , 4 /INER 43 28 9 FH T R F 9 o
PATTRFAT 100% FIIATH F 2 3R B AR ST, U7 RS B A e sk B 29" K Tk £,
{HE BRI IR 28 TR 2008 2 R 1 20% (Lewis 55 ,1995) o A58 28 3% 1) 3 o .00 e 75 L
BRI 1 R [ A+ B, A4 60 AFAR Hh 35 A Rl AE Ak i A 3 ol 3Rty 50 3 T i 78 9
o HIGRIRM , Sl A VLS ) A B0 4 AV AR AR XA L T A ) 52
M, 33K B (] AN H 3 BOH 2 19 2 P g A BB X & [T IR BE [m] B AR 8 45 B E 5T, it HL
VFZ2 BN FHATESE G LA AT 2 A0 T B R otk Fedln th T AT 2 BRAE S RS 15
M) H 5™ 5 LA MK A S R G (kB b A S R Gt ) 32 B R RUEE A T4, A5 28 2% 19 43 B RS il
P 1] T L REAIFFE

F2 -1 UL T4 RPTAEZ R E S KRR R SR o RS 5, BT
(T AR A AN AR A SR AR S8 T3R8 1 A B I 1) 5 5 5 T A
AT R A LA (ER R 0 WA 4 FE AR SR A R AT, 3 A SR A — R DA = AR
1o BAANERE AR SR I E B X R B A R A B AE T A 3 v L SR A
HFE FN TR ST BOTR A, 3K BE AR DX B BRAC R 5 0 VH A 0 5 B JE AR R IE . RN 1 1)
2, P EON R AL SR I T RR L 258 T RS m . Blan, e Ar A 8y
JR ARG I BR R 20 tHE40 50 ARAR A T-40E [ (ppt, JE3E45E R 10 2B flias 107"k o/L) 142
i E] 60 AR T3 40 {E [ (ppm, 24 10 78 mg/L) ], 460 B A (B AN 70 44 A & 5 431
(mg/L) 42 F+51 80 AEARMH 10 {24 [ (ppb, ek 45 A 107 e 45 107788 g/L) 1,90 4F
ARXT R (A = A8 BORG IR 1K 1 x 10 2308 (ppq 2% pg ") (L5 28 #5) . Bt ARy
687 FH R St 000 A ) 1y X i R 71T AR R T T 2 IR R FIIE UE W VE 2 ) R J 22 G
BL A B A5 R 0 & AN T 3k O b S O R 2 0 W o FBT A T 1A

A Hutchinson “ZYR (P2 MHIRAFAE , (H L HLS HIBAE 240, FRn 2 e o 2517 20 4 5L, il
MY BT IR TE PR R TaE F AR E VR AL 2S5 B T UL (U 2. 4 1) AWz 2 Bi%E, T
FAP TR BB R AL F A TERIR A 1AL T T bR S A T I DR LA A 3 188 R AR AN
2 Z BV IR A PRIV, FH KA ZS RGCFIEERBEE T A B A W2 R KR S iR

O REFHEE W ILFEPRES RO T NEE N F R E b . AT —AT 3009k & 8] B s e 2 %
KA (Y FREBWYHFEMTE), REMNVEAGEX R I XFEILILT A H BT (Reice,
1994)
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JEGTIR TS A DR E BETR A MK — WL o TR UL R A0 20 MR (A ) A Ao i T L A 4 B
A B R UL R RN T S KR RIITSE (Reice,1994) o JAS AN, P2 524 BB A
P B P 0 SR AR BB R A LA I D e v A A 3 ) A EE 2

XS JUHR AT L DI 6 IR CREBIR M) (A)™ T e 4 M A BRAYBIE 5 o, Aol ]
AHE AR R DR v 0 2 T A B B T R 4K, ok BRI & FR Eh IR 45 %)
TEE IR AL BOREVR 45 R AT TR A UL E A B AT o XL RS L T T
Hutchinson B 3455785 418 Y 1) 3 i (6] 22 0 4 ) B0 (A 2R 0y 2/ o e/ 88 9 R WL 05 AT
RV,

1 20 {20 70—80 4R, BN ST ACHHE (UL 2. 6 47 LA M— M EY
g , HE B WA SRR AR R TR E TR A W B0 AR ) R R VR A
I E B TR K . SRR AR A8 R BRI AR G, LA™ T AT S5 Ay ke
SNIRETR I BLSN IMARGILAS o X LEXLE SR LU N AR AR AS B 14 1y b R 37 ) A AR
FHJ2: H R TR T i Wi Al i 2

SESm

AR EHIR P E BEVELE 7 I RCR M R R A X — W S RE &) 2483, 1
2 1)1 1 B P XA N ST 6 R A T b I B T £ 400 D) 235 4 AR ] 5C 32 7 D BF 5 254
TR AR . VR RIS SR P D R T AR AR (R R DGR A AE W] A
HAER (& a4 ) (A B Z VR A 1 2 IR FUR R R W, X8 FR i Ui Yy
I, FFAE Y IO OW A0 22 3 A R A R IE 7 A2 0w UL (Persson 55 ,1988) .
REBAMNERRE X SHFFH RN TR0 (top-down ) M B (FETFRE) XA S R 458
(2 AL R DI RE S A B 2 ER , T IA S IR Se st R Ah i/ A 28 R e i DI e A 45 i AR
IR T IR AR A CE IR IR ) (5 A EATRUN” (bottom-up ) UL PRI, —
AN IERA YA 75 B 1 P DL R AT Rl T B SR o I e A 7 2 B R
JFHMLEE ( Carpenter 25 1985) , A 33 AN W 5 %256 4% RS A ) SE PR B A K@,

AEE B AAR A WA 2 A ) 2 R i g s A R R, T AN el A" RE ST 4T M
WFIE KA A5 FRGEFNERABE (14 2 FhOUL A, 36 A B A 7R W A 27 A 58 i M A B il | 1l 32 BB
FRLE SCHk A B

© TE AR —FE5E 75 R, Edmondson (1990) 8 284 i« * -+ 15 2 A E B0 2. AT
SRR AT S o XIS Tk BRI PR Sl 2 AR AL A SR A AN [ B R R LA
VEFTE LR o M AL AE S 2B AE A R X A SR 2k 77 =02 B IR o B8 AR S T i 2 “ B A R &5
PRIEIIRETP IS e o XFPITTE T A B S R GE EFRIEFE RE i A - B AL 2R

@ PRSI S RGUE S Z A EE — W EE S . (ER AN W BT S0 B ) 7378 RUE
BT 3, LB ANTIX P24 R AR T i 55 (Mann , 1988)

®@ LR HTRMEARTE T BATHRTE I LA IR T A R SRS TE AT o 1 ELAIT 535k 26 (] 8 ¢) J7 12 0 19
AR o TR AR A AT AR TRT B AR G AT AR S ELA AR s T A (RS2 T A 3l A5 S B T 5 )
ARG KT i B S A R T, K A R P L g BE FRT AL R R YA TS A (Pomeroy ,1991) .
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IR SARESEN DU K AE S R GEA A B A W L SUKPAR B R SR, Fe 1T B 22 W
AR AT AR A" 5 RUEE” A= (JZ00) L EL (AN AT AL RRE REDR VRS
8 P ) B i) REFNAN ] 2 18] 0 18] RURE A9 1R, i e FH AR 327K P 0 RUBE B A 2800 T A
FFBHEATISE . XA RE N EKAR B DTS TRAURE—Fl . RS 1
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(IR E] RLBE (time scale ) BRI T AR o 33X 5C 28 70 B Aol i) [1] (] o 2 67 AH G (HAE 5) — Lk
FI[) ) o 222 LE AR DG R OC RN I 3, B TSR PR ] ] B i AN TR) o R AT 3 Pl A K f A G
ST IE SR PRI R 25 S o AH b, 7 A () F) SR AR ) ol OB 558 1) ) 1E AH G 1T L fi
&R U Sh ) RS ) 8 SR R X AR ) A R A BV Y 508 ] LA RS Ry e i s )
XPIF A B4 B I o FRAT AT UMARE 27 SR rh 031 SCHRIX 3 i e 1) R B ik 9
HIANE FE X SeZE SRR AT A B () ROEEAR 21 o Y IR — 1RSI R A i R,
PAR (d) Ay iof 1] ROBE () SRA 1] LA B0 — R e

B2-3 WA R E
Wi Pearson B AH 5 55 R A A []
(D) ZHPRR T BRARLIT
-1 T | FHEM) ERAMTR(P <0.05),

i ] 20 LARFFE A, | ( Carpenter F1 Kitch-
1 i (] R0 ell ,1987)

e I et A R

PR T R B R PR A AR O TR TS N 53 A IR [E] 22 HE AT T 15Y . R BN AR A T Y 17
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TEWIT 25T foe T 2 A R M) DR RIBE & (BRE AR T B ) ANELIA 2 ) RUBE 25 2 A [
T 224K , AL PR R 17 U8 25 A () 1T O 5 A A A RE ML ] i,y W 22 R
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I A AN A IR TR AR R A AW X R A H B (K 2 -6) o 7EHLE
JFERITIR] (10 4R 24 ) RO L, RO H B R AR IR L ok ) SRR AT ALY S FR 3 9B A
ALY AU AR B ERRE N TR A ROBE S BOR BO8 R Bt 5 3L, A BT
PR B A AT BRI AP BEIR AR B TLRE AT 1 5 R A DTRR ) - Az a7 2R
FIEEATG JCHS AE S 1 14 = B2 RN B B 45 2R, i 2 2 Wi ok 1 AR IX B URE A B 45 2R

ZFERE
23 [0 ] (spatial scale) X451 5200 EE 22 USR] BE ST K, it , S ps 1~ (AE G IR

AR AR P ) R R ORIl BRI R IR K A A ) A ) el S 2 il e o
AIPREN (2 = 5) o 3R R o 7k A 23 ) RUBE B UM 728 A R (R T ) «

@ KSR SRR S B A SRR DCOC R IR X, SEI VA AT Lk e vE A XA FEBE. H S IR AT
AR K A B e, T EL > A Jmy R A R 7 P 4 B O 3l L A R R R e e, S O N T RE Y
(Fisher,1994)
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FER/ NI 23 1) ROBE B, G140, — N9 DX IO T R M 55 A e B AR AR J5)
AR AR X R 7 AR 25 55 07 T A8 AL/ s FAt D] 1, Gk Ao (it s ) o
BRI H R R B AR K DR BT KT SR (B 22 ) 2 1 A DR R AR ) 73
i FRH EEAE (WA 24 5) o fE— RGN, KA ol0E W R % 2210 Fe I, Hiofth
E20 A PSR OR (IR b R S T - I €28 9 NI~ L S B2 S S R DR R (B S 7SN
JERR AR ARBK TR o JEIERZ AR Y A RIS (R R AP ) |, foe K AR KR A Y e K
FEY R A R BE D (ILER 24 B2) o

AT — AR GE N /N R (ISR ) BEAT I, D6 IR 428 1k ml L 220 AN,
HrE KB A= e eI 45 H (RS 280 AN TR B9 T8 A TR i BE A8 s HH R, SE 4 Y

@ “ORAAE S GAT AT REXT AR W) 2 ) AR ] B A T . BT USRI o 2 80N
AP \Z3 2 FNERIE RO B WFSE 1 T 5 SN (8] 0GR A5 , 2000 T JE A W i A8 1, 4 00 2 b e A W/ T B0 I 13 A
FREEIN ] LR A B UAS 3 8 i B 5E” (Hineh, 1991) o
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ZEI0) ] BE R DR AR A W R AT B PR T (DLER 24 5) o 23 i) RUBE JE— 250/ N 31
AN GG A FEA WP — LEARTE — DA 5T — LA RAE A TR Y A2 K8 S R 8K
I, SR AR YIRAIE 5 R A 22 53 T REAR /N RIS RUBE L, B A ) ) A7 1 A i
SR RO LA 0 ) BRI AR KR R R M IRV, R, B
5] LAREAR RS AR M FH A R SRR . BFFE N BmT DLEA T AN TR) 38 IR SRk R AR T
I ARSI o AN RIS B RUBE A AT T A R B AN TR s [ RUBE B TRl X R4 KR
31 1 i T RIS 5 AR PRI (11 2 =3 AR 2 -5) @)

I [F) 125 8] RUBE ) A2 AL 3 PR PR TN 721 5 28k . 7E— D2 RO B S0
AR FAE 5 — AR BT AR SR W R RO R O, RUEE M
A R BE R LU LA D5 T B 2 DpsE T QIE I s OBF A ; @& id
AR s A AEARMRIN B o T TR, A= WA EL A % o Sk B G 2 RUBE AT g i 7
1HEE M,

BESEERE

g 2 Y8 FBLURUEE (range scale) 5433 R EE (resolution scale ) WL4R B2, 3X 5 BF 5% il 40 X+
NZEARFRE R Z AR R o G585 DR 9 BT A 7 A0 T G B i, ot 0 A 288 i B 114 52 i gl 1+
SHERE T o ANRIREE R X K AAF Py sl H At A ) 1) 52 i) SR Pt A% e BA AR K AS By ]
GEFRILEERI) o TEATEAMNT AR CEFRE R A B s 2 7 HER
JE CHRBE) AT LA/ IS 302 PR ol A TR VG 28 B e m 45 S0 0 RO T E &, X FE B AR R
LA ATRERY

FATIr AR5 B4 Y R C R (B8 - 16) SR HLEE M TE/K T B 2 5 AT
AR R R, RATE (B A DY) =k B A RE AR Bk o X2 R H
A TE QNI B PR, T AR 5 P 43 B A AN 23 A AT AT LA S i) 3 288 Bl e R L PR
PRI IR VA o 7S50 L, 45\ 5 B R 2 75 BR 8 WU 28 1Y S el 2 4 D e PRI VE T e — 1>
P58 0 X A ) e ) AN [) 5 8 2 X0 FRRE A AN 224 e e B o

@ “ABALEFR B RO I IE AT R — 0 H 5T R B A5 B T oot B LA L Al AT i
PAYAIAE” (Mann,1995)

“RUBEE R] R SE BIESE R IRLE 5 vk BOREE1 . RAMFFEA — & BRI B /N R 587 ( Dayton, 1994 ) .

@ “FEATAIREXS R FEL 2 m x 2 m BED A AR T OANHE R IR — A R X I B A T Ay DG
(Likens,1998)

@ XA AR XA TR [ 280 107 22 , MR T RIS A NBE ™ (Fisher 1994 )

WS T AT, XA 025 E A R AR 4o 1 L HAB R T Y
AR TP AR (Harris, 1994)

@ IR E T I HGE , AN AR (Redfield ,1958)

g FRRAE Bl AR S R R SRR IR MO SEAR R AN B, XIS BSR4 )
WS SR W HIE NI & W 2800 B 038 ORI B T RITAL o X5 BI ALK g A i Fs AR U8, B 1975 28 M BR
RXTIERWEIE I SIHLA LT 2 AN B )7 (Peters,1996)
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YT AR AL, S BT DU AR IRGE I 5l ) (M H - Sollins 45 ,1983)

S

PR 1 0 34 e T 9 o B G0 3660 I6F 6 2 3 0 43 B8R JE. IE 0 Fisher
(1994) 45 1, 7E— R EE A5 0 45 5L AR R 1 579 — 1 RLBE PR T R RO 5 10 2% B A
AL VAT e 12 5% , IRLAE AR 2 Rk NS ) R BEIF S R TS 7 I v g
SRR RMIIE A B 2 W358 7 S0 BB e,

A2 W A 2 B S AP AR T bE” R . 5 B 7 5 b ol ik 5 7 R TR R
T e (0L ) B 75 WS 3 AT A2 6 T 7 B A MIDAR O T i 437 07
R0 1) 2 56 B B 21 75 28 64 S DR 000 A3 38 5 IR 55— , A 169 4 2 ke T
S U5 R BE 26 LR — . Juday 1 Hutehinson ) 185 25 45 th 4 1P 45 55t 1 16 22
RE |,

R FEBEBF S W 2 508 3 R T T e TR WA T — U MR X
A2 RS AR M I e L i 7 BRI 00 7 1 ol R A B
FEBCAMHERE 0 RE HL, FE T B0 Rk SCRINEE AR B B . S LA L T8
S I SRR SRR 32 RO 5E A 5 IR TR PR RO S R GE L, R 92 T
1 BT IR E /MR ) X330 T F0T5E o /M) R Bz o FRLERL, PR 91
P A e LB o RO G 5 M AT S R 280 40 ) % 30
(178 45 ShAHUIBIR" ) S PIALRRE 54 A R A BFSE B, 76 R T i 25 R T

@  “AEREGANTERA R B2 5 DL ph A AR A IS RUBE i AR o IR 6 R B Ml TR 7
B ST HEAINANTE— A I Z A AR BA IR 7 AT I S BN, 6 153 AR TR Y 538 (Wikens 45,
1986)
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PE, RHARIRBEL (K 2 - 1), NI 7E WA DI REA 2 M [ 7 B4R R R B 418 . X T RE
IEAE S RG A H RO RS E 24 R AT J X A )R, (A3 5 7= A=
O3B NFEXRHRAKBEIR A I B U AR G MK b (HJE X PR 7 1] A A 5C 12 38 o 2
AERREACE | o

FURT, K2 H0E SR EE (M JR) 7ETIIIAE 28 R 5047 S0 07 Y fE T FEAE AR AR 3 . X
TR CRUHAL AR ) T3, 3 SE B R T8N 5O AT B 2 R o TR S 2 E R 25 2R
RSB 8 57 A F BRI A A P32 B (I 28 SR R B P 3 TR - 2499 i O
i) 5 R A ) AR ) e (A0 FR G TR A AL D RE A A AF /2= 45 A e i) B R 5
I R AR L, DT 5 B0 i 25 A8 AR O B B2 R PE B L%, W PP B 5 D 245 SR
(Neill ,1994) o AEIEPEATRIL A, TR FH A0 B 25 RUBE X REIS | 3R G0 45 K LD e 1) 43 BT
IR TR

ZFEMRE

WAR P 2B T KA RENME— R R R LG & YR A G WL 52
(R AR 1 A 7 R R AR 2N R G A 2 A5 B TN RE ), RS L A3 AR K (C. J. Walters,
1998) AT A T 1) F9T A 5 1) S 37 0 5 o e 4 RUPE I e o B AL B ) SC B 2R
SR, TEA MUK B FRATTAA — 28 H A g 1 56 - AL TR 2R R /DN 1) A% 143 0 5%
T3 RR L B A AR A TS AR 3 S AN BRAR . Steel (1997 ) DAk * R 119 T30
BT BE R B =227 o O6F &3l iy E A T BE Y — S8 5 SOKE7E 17.8 17 PR30 A
e

AP TR G R AR (Gt B (3R 2 -2) , G RUBE LB/ MRS
PR TF R A e AR AR Bl A 178 S B A R A B AU T T £ A
SRR G IR Z T i — 2

X AR RGEZ QMR A T i, TR AR RE LR A Y 2= 80 A S R G Y he
FTHE—2B 5T 5 128 N2 U0 5 L3 1 DR SR G R RT3 R) 5 Sy 19 4R 2o e R B A
VERITE ke . O T TR (FGE ) ATt (97 ) ,fEAE S R G A UL 5 B4R &l
A (530 ) BERY (3R 2 - 2) R WIA 2 A R A S — KA B R o

FESE X — 1 AT B UCR I (402 , AR B e S AT OKAE R R G KL AEY)
2 53 REURE 1) TRUI BRI | R 2202 ST 7 P i 7K A B It Sl B/ A 2 R 5 1 A A Rk it I
(), AN o Bk A B 1 T B (FU S B T IV 2 H R & R . S 2 1 i Bhie
Ze WA (CF34) RUBE , TIAS S DA XoF 26 300 RRS R 1) b st ROBEAIF 9% v 7 A ), 3 o

WSS 5 PR S R AL BT e 47
@ A Es R I B 25 N 2] 53— 2 U iR SR S R GBI 27 (Likens, 1998)

R (FIAR) W RERE o UTTHER 2R S BT AT A A9 EAR” (Cullen, 1990)
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I OKARTUR Z [ i 2 W B AR (3 - 1) o KRR B M 1fT S8 Jim 16 A M
-5 I RCA A R A SN TR R EOAE F B B 2K BT 3t ATAL I8 TH
FR S (ULER 8 BEANES 13 35) TS T 24 o0 X AR WD 2 5 Be v 2 Al R 2R ™ ) 4
PR TR AR K (IS S B A, — T T 23 SR JEU A A i S 2E A R
X A 0 B0 38E BLE , 73— T 100 380 DR/ v ) 7K 0 e 52 W B A S e U ™ A
LR, b 23 0 1 Vo B A28 A2 K AR 25 R G S Bl L IR

K B B AS K A2 25 R GERE RS A AE , WA A /K BNV DAL [ b A I
X — R 5 AR 2 7SR R B2 R0 ) 0 2 SR a5 7K B ) B PR A DR T Tk
TEARMRZ A RIRZIE WSS 11 FE) o T340, K B4 X FORE ) ) TR 38 3 ( L2
20 55) DA S S AU AR W e il B A o 0 RE TR R 2R

3.2 IKEHFE

KR T AR T2 AN 738 1 e o R R e S A e e & W0 .
— IR G- H 1 L () U R K A Hs B F e EL AR i 2 1 SR AR A
H,— MK FEIR T 55— KA FRER T Z A S E . KR p e
EIRGS ( RA RSN 1716 Z247) , H:R LLGE G /K 0T AR, TG 3 0T LAAS Wi Wt
I DIREHLAY 5 AW B 4

RS KRV AS SR T AN 2 B E AR, FHAT 7K 4 22 18] A SRR (o /K LA e (R M I
WAE R A HA K2 BRI A 10 22 20, (K =l e AR RS M ik
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3% | K RBEEONE

A IR T 2R . KA A A5.(0 °C) FIifk A2 (100 °C) HEIT R

SMASREE
WU AR HABTCR R Z o KRR LA R T HABR A (23 - 1) ¢

JEE 4

R3-1 BEKAMEMULZHEREEKESREFNEERER

e 5 H A B LA TERESRETHEZEH
W FEVMEEIR N, e KB BLE 5LRBIKG 2, B85k R AEERE
3.9 i AL 0 °C ;% [ i A
ik
F5 251 11 A5 JEH R K AR K IS AFAE
B i S K BIRAIRES , Wiz sh I8 R BEL 7

IFEAR KRR R 1 RURLA) A0 o
PP (BREEE)  BREVIOMERT AR P i IR (220 ) Al s 2

R AL PRSI RZ — XA KFR S AL i AR
QK ) Ak B oK ek I7 , BREARIIAK () T B TR 2%, I
ffi L2 B BRAE /KA TR
XA PHER ST LT AR XA R A, LA KGR 2 K R % R it Wi i B B b g i
IIIEAE/ ] G X 3 PRI, IFREMDOL S A RS 2 i K
stk KA (AR 8 22 B R R LA, X R A A T s foe B Ll K AR S

WEA LT BB L-E 57 FGiis ftl o T

GERISRIE . 2 A Sverdrup 25,1942 ; Berner il Berner, 1987,

§

.w’i#

IR E B/ PRAR) RS U 775 A7, Heal A= W 00 3 1, AT 18R A D ) 9%
BEAr o P, REDK A AP FIK AR S AR G A Wy IR o 2R S i 25 A . A el 7
PR AU, Qi i, T DA TG 7E R AN R AR 2 R U0 AKIE WA T2 3)
REIAEWIROTE Sl o i BEAR 2 AU K AR L, 0 o 4 ) e o A AL B I i AR
Wy 77 s

UK EE DK SR P T S I, B VT 22 SR ST 222 i P ) S B ot AR 445 4 72 1l
1] 7 ) S A MU At A5 4, JHL 0 L 3 A £ I i (RS (P 3 = 1), 231~ 2 [ Y B
FOWR S /KB T THD B9 DT E RIS ST 3 A i R B B2, 3 JR /K T 235 DK 7K 23 ) B B 4 i
JITHE BGAY o PRI 7K 432 1] SR 1 B 12 RE R 25 L B (0. 917 9 g/em’ ) LIRS 7K 1) 5
(0.999 9 g/cm™ )ik, PRI IT AR AE K T , DT 4 37 AL Sl 71 S O A 306 75 2 B R
TRIE 7K Oy PRELAL I, B0 A 45 0 B IR, — S SRt s T 2L, S BOE UK
TR R, DU R R K SOk L KB T 2 s .

E

@ i SIS L (K RS G5 0K IR EITE R LR (<0°C) , HUBYY - K S 4 3l = AR 2
B, PR A UK (anchor ice) o VFZIFSEER I A IV 72 10 B D T k2 DR BR B0 i vk T4 80 B 2252405
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K3 -1

|32 | K |

VKHOK 31 1 U T AHES (BEA BRI 1Ak 070 ) (4K Horne 1969 H22)

IR A AN [R] A RS I 1) % JEE LE T 2SI R o FEARHE R R R, 7K ) d R % JE
(0.99997 g/mL) i BAAE 3. 94 C iR 0 °C , R S L RME IS A . K A
A RS TS 9 731 8] A4 B R 2 Bt 9L 38 ) T i R o (O e A, A Y % B A 2
120 CHPR BRI, HYEREHIT 0 Ty, /K4 F R RS 2228 £ 145 4K 9%

1E 0 C iy /N,
#i@o

TE J2 X WA i e A 3 R A K 20 7 3. 94 °C I fie 5K L SR AR A

IKEEE (D) FRE (T,°C) ZIa A R RARLANER (] 3 - 2a) K% 5 AT DL i

A AIE
2
]
=
s
_E.
o

D=1-6.63x10"%(T-4)"

1000 —

0.99%

BRI O MM

el (10° g-mL™")
0 10 20 o 40
35
0,997+ i
;
215
& 10
0996— zE 5
a
3
2
]E
0.995 T
1] 10 20

30

H_3-1
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3% | K RBEEONE

K3 -2 (a)RKEED) 5EE
(T) ZIHMAH KGR [D =1 -6.63 x
107°(T - 4)* T LA R i B B 25 4k 1 C
I A A 15 B0 (ML 1ED) 5 (b) %
KEESEE (S, /L) Z AR AR

0 5 10 D=1+0.000 816 S) [(a) 2k H
fh gL ™" Straikraba %5, 1993 ; Vallentyne, 1974 ;
(b) (b) #F Rutter, 1963 A%, |

g 7K 5 ROKANTRD WK B e 5 BRI B2 (1. 025 g/mL) FEWR G g /K 5 22 B I
R TR, Hefse R A BEAE 3. 94 °C o WK #h it 3.5 ¢/L 5l 35%0lt, Hk
Mo -1.91C,

IR B T v N K B % T 2 T o (ELAE M 5 3R B B AR 9 2 BE TR A TR /KR R A AR R IX
Bl BN, ZKAE 10 CHI LT CRYRYH AL 4 CHIS CRERY 12 15220 KR RARL
AR ST WK 2 I 2 5 2 A e i AR dn G sl (ISR 11 52) o I AR TR R
AR K L 1Y 22 S o R AR e IELBE S 1R, T2 2 SR T K IR AL 1 o 2 FE R K 5 B R TROK
ZIAR SR 22 (LA 11 &) HER 50 A 1 /L SN, 5 K% I A9 /KR 2 AZ40. 2 °C
RN R, P BUBUK VKR BEAR (18] 3 =2b) o Ak, & A A aa I U 1 o 2 B T i /K 1) %
A2 UK AR (ILER 29 2

TR T~ TR A 34 1) B A8 2 B A B 2 3. 94 °C, ROKIITA 9 I /K AE B R B R
VEF T 8R40 , 15 e R At A /K S AR 100 m 0. 1 °C R4 3 B R [ DUAIIZR W (4R 280 30 5
Z o = 1741 m) FEBCAT i P T2 /KR A A HE N 2. 2 °C B R /K IR SEPR o 3. 2 °C L B
Tt AR £ A AR R 2 K 5 Bl e 1) _E SR K HEAT 1 5k

IKES DK 8 BE AR AEC AT 7 A2 249 9% B AHRIZ I , 5 A7 2 B rb 8 7K 7 DK i A4 R
T2 B Aok A 208, DT 2 LA DX oA LB 3¢ (L Aoy BURUAE ) i R h sE 5 1
HEM O JAIPER DR 3R 2 S BUA A0Ry BRI A 2 10155 7KH o 1 345 1 ( R4k
FAL) XA FE AL TT BT T KRS R AR S A4 S A

HE
ZHZ5FEE (dynamic viscocity ) E XTI BN EH 1 849 5 4, K B FH PR 5 A9 £ 28 50R
DU BEDE 52 B BE J5 FH ) sl Rl BELAS (520 o )OS ) B PR R L R s v ™ . e
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3.2 | e |

PRI 31 5HZ (boundary layer) , i 52 M B by B 22, 73 L, 7K AL 8l A< 7 W AR SR i 2
— By, T BT MR T — e S 2 AN [R] o T it I A 1= T AR LR 5 LK
PRIE 22 6] (8 SRS 1 (Y S A (LS 24 55 o

KR 10 “C, f i sh M7 7K B EEE RH H R 22 e 23 <P 9 100 475 K9
SHAFEEXT T/ NS S AR MR UL AN A, X 2 A ) A BN Bl 0y, 45 AR K R K
(s S ARV E S I B W s o [RIRE, iy TR A Wil ) B 2 0 U 3h ) £ 1 5
TN AL E Y BIHAR A Z 2% (Vogel ,1994)

VORI SIS 2R WA, AR Z R, Sl h 5 °C LT+
25 CH, KB E SRR 1/1.7(3£3 -2) o Pk, 5 S CRIKIRAAIE, 25 CHY R TR 1T
R MR A R R T DR M 7 1, R A M A RIORE A 23 LA L T R EE TR DR HOL
JEZ A0 BIVEEAIIHG , ¥R K v 2ok R o 2 B (R AT S L BB ik 2 i 105 2 %

ShASFHZ IR L A SR AR L ME Ry, Y IREEFE R 10 °C LUTR I, 62 S M2 il s | It
(%3 -2) , HARRAEB B[R 2 KU, il BEHBAR A K Ol B8 s K A B iR 5
b, BB Kz Bl (DA 12 35) FgliA o )2 (LA 11 %0) #50A 5L 22 A 200

SHASFHE SR HRFR SR (kinematic viscosity) , EHRE TR TI ST 1% 18 12
JE A0 B2 B4 G FEE LA R AN [+ YL R 483 /K2 v i T G T BEE o

£3-2 HEFHE(METFF,Pa-s;1Pa-s=1kg-m”’ s )W TEUR
—AKREETHRABFEE(m™” -s7') GRENEER

R/ C BHASHE/ (Pa « 5) BEE/ (m™ - s7h)
0 1.792 x107* 1.792 x10°°
5 1.519x10°° 1.519x10°°
10 1.308 x10~* 1.308 x10~°
15 1.140x10°° 1. 141 x10°°
20 1.005 x10~* 1.007 x 10~°
25 0.894 x107° 0.896 x10~°
30 0.801 x10~° 0.804 x10°°

PRI IE . Hodgman 45,1959,

EEA

1 S TR BRI 1 °C I BT Y R Bk ) I3 1) L ARZS (specific heat) o 7K Y HE AR
2L L HA I A 1 g (B 1 em®) 7K TR 1°C (15 CCHE) W22 4. 187 J (1 cal) 1)
i, KA R LA IR R T 2K o3 D) A foft e LA R B I 1 S St DT R i 2 K g, G ot
IRE A THRE AR AR 1 2B LA

IKAEZE IR VRN 5 2 — 2 (9 A BB it DLl SR T 2, 3t 72 28 2 #4 (heat of evapo-
ration ) o 75 fL# (heat of vaporization) , 7K 258 & AR 755 (20 ‘CHY 2454 1/g) o 7K B &= HE A
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3% | K RBEEONE

BRI I K IRAR A 2k 30 °C, AT B, 1 7K 73 A sk 25 2R IO B AR ) e 2
PEHIKIR B FE o 7K 28 BRSSO B TR T 1) R it 5 7K VAL T R B AR AR 45, K Y €
S5 5IRAIRE) TKIEIR o WA KAE AR ER BE WO AR O 28 0, TR K 28 S A% ik
BN e AR R B, 2V A BESS T RECRE (ILSE S #) o

BN KSR T R AR K ZE AR5 (R FR O FHAE T (Tatent heat of sublimation) ££ %
HEVRAL A 155 (2 843 /g B8 679 cal/g) , R K FEALTE I (1atent heat of fusion and meet-
ing) AHXSHLAR (334 J/g) ,fHH mda X B R B K 43 116 0 “CIE BUpK I 75 2 R i, &K
IKTSS KRRV Z e i, A 225 2 A 22 1 R BH RE T T UK A R o ARl gk T 1 1100 4
AR DL RBRIMFAK , 32 29k 5 S vk 2 78 5 A i T 78 DK Rl TR AR & T 4 °C Yy
PO 11 58) o UREY HE AR 4 3 {E B AR (B K — 21,0 C I UK 9T 15 il it
He T e sl ARSI T 5, A B A T/ 7K o e A A LR it A R i i O
REZE b AR B 1 A 84k

KA R LT AR KR AR A D21, o (45 A= TR L6 K o B A ) e T 08 52 T 1) R e A
Ak, T6] st fet LT ] T Bt e e 3 B8 e A0

TREH

BASIR I ) — A Z Y R PRI A 55 5 0940 #3580 ( dielectric constant) | 53X fif
e s R SR | P 7 e R E L/ B 1 R 7 s RS E N 7 1 X DA 11
(FRAR) 2h R PR S5 F b IE SO A 2 1 2 18] B AR LI 51 ), SR 5 5 BRI AN B 7K &, LA
B L EATE A S A o Rk EILPARMER BN TR BT, IR T 8 E FR 4k
B AR AE K B R G OCE 3R , Sh W) B sl A BEARAS IR AL & 4, Gk K R )
HEH AL

K Z T LABE R TEHLFIRR A A BIL 235 B 0 R, 22008 T 4K 70 1 B9 IE B A
55 7 R A A i 2 ) ) e AR, v AR B A A (AR K 2 S M 7 (AR R
BT VR Z A RERE I VB SRV A A B - B TR AR B e e R I S |
i AE—ike  H DI A B S0 BUE, R SOt 28 1, HEAE R R B R =45 [ Ca(HCO;), [ 1)
Sy T K o X PN DA K g3 TE LT AR S 14 1 I 5 | T SR TR g3 2 TR T LA T
G103, VF AR BL I 1 WO AN HILIR BE A A 77K, B IR O B TR RE 55 7K 701 B P
WEE5

REKAN

7K JJ (surface tension ) J2X0f I I ) 4 i) i 8, KA R AR Tk 10 K> T2
(] B IR 5 | 1) (A DL b LA SR B 3 T 5K ) HEoK R o TE Sz ph Tk B i R T 5k )
AR AR K A 09 B BB AR K T4 7 7E , SR AT IS AN A8 K 25t m] AZRPR AR K TR, 17 R B i
Ay SR 4 FOUARE L RE A 7E 51T BT ) K e T SR 4
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| Az |

K PREEST I IR

4li K 78 66 ) ( photosynthetic light) A1 7] L5 (visible light ) i Fl P X3 A BH %8 4 ( solar
radiation ) FYHCR 245 T 1000 A%, X L= 6 2 7R /K AL Al 2k i T2 5 . Atk o fig
DA A 1 5 2SR B R 8 5 & BEAT RICHIC BA D R R0, A0 458 PTG R 28 6 88 53 50O
B RS (photosynthetically available radiation, PAR) , e &K I K # 21 4MgE ST (IR)
FIIAIKTE 1)K FHBEA 50% FELLAMX ST 7] 58 2 K2 K Ml (WLA 10 55) , RZ K
PAEAT FJZOK TR 2V K Z 1]t B B 22 , AT R R /K TR A 2 IS (LA 11 &)
PAR K s B (R R ) (UL 12 55) Y SE R R o OB A RCHR S B vh 4 (6 70 i €0 i st
PERARPI A Gy AR B, R 78 P B ISR AR AR I B0 T AL & VE AN sh B
A A RE RIS IR AIRE o

FRSTREIG I AN (UV) TR0 P B AR 2 TH B IR M B G i R 2 (B 7R
175 W B2 35 v ) 7K A e 3 o s B e ELAR T T RS B S A 2 R Ak (L5 10 55)

AEER

o HYEADPTHWHEBRHWRAYNREEK, HRAEKRN RS RE, HREFK
KRB AT & A

o HEEREMW, KNEEEFELRNEDNFINR, TAKEE 5 IREZ 063
Bt R R AT KT I8 B 2 B R A T R .

o KM(FHXZ)HEEBKAENEBRNEA GRS WY, 4% A Lo sk = 32 7 G 77 09
NEE R —E R, BER RO ENEAENRARE, ATIRKT 20 5 K88
ABEE TR,

o KWBHAABREAGRBRANBEEAFTRSAE, BWNE LD L TR 2SN
BB AL, A AR e T

o AR B ME AT AL A K AL TR B3 IR AR ARy, R AR 3K e 4 R
VER Y S XL R

o KFEXMKKK (L) KL EL2 B M RERETEAERETE UL LEEK
S5REANXEFEEAF R, 42k (5 E) AR REE, ﬁ‘é/—\ﬁiﬁ(%%ﬂjiﬁ&ﬁiﬁ
By 4% 8 A0 TE B O P B 2 K T R B B A AR, T SR AE PR K RO R A T
T, e 1B A sh M3 A VT e A R IR HAT
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EA4E KFRIKTHEEHNEEKE

4.1 3|7

A FOK SR A 2. 6% ZRAK (WK 4 - 1) , AE KA E Y PFTE AR R IR K 2
K VA AT SR, 5k B8 OK R i AT 113 x 107 k', 2 BRIRK A Y 0. 3% (3%
4 1), BRI T/, 33X 113 x 107 km® IIR/K EIEA B R 255 AL FRL A E
MR 99. 7% BRI IEA P A Y, X SePOK B BRI K= (15 76. 4% ) , BUfif
TEHL KR (22.8% ) (%4 1)

F4-1 EHOKFRFEECGE:ND BERHE,)

X AL/ T/ y o A BROK i B8 IS TA]
KIEFRGE (10" knn') (10° k') Bk (5 2R iE =% ) T (WRT)

e 1350 000 1320 ~1370 0 2500 4
v 13 10 ~15 0.036 8 K
iRk

‘o 1.7 1.02 ~2.12 0. 005 32 K2®

T 11.5 0.032 5 4E®

R 100 30 ~177 0.279 17 4§

K 105 85.4 ~ 125 0 ND
iRk

3K 70 16.5 ~150 0.195 1 4E

HF K 8 200 7 000 ~ 330 000 22.8 1 400 4E
Vg & 27 500 16 500 ~ 48 020 76.6 1 600 F1 9 700 4F
HEPIX F 1.1 0.6 ~50 0. 003 JINEF

O BUENEEEI, PR R) i X Hb R 7K 28 5L R K A B 24 AR K

@ AR H H RGP K R TR 16 K, 7K 8 WA A5 3 1) 7K A P s TR0 s o s 30U DUt e 3 1
K BRI E] B8 AN 3 435 ( Vorosmarty 25,1997 )

@ ZZDBORRK PR ESE R , 5% FL45 T35 7K A B8 R 1] LU AR K o 446 DR 40T % (4 K 5 B8 B [0 SRy 50/ 1N s 28
KK RGN B AR EOT ZEHOF i H T 7K A B S T DU R 04T A Al (LA 8 7).
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ESEEER

ki B

ABRIR KN B35 7K i B s 1] ( SR ], water residence time, WRT) £ 35 17 4F
(F4-1), XFEEZ AR KRS HE R EROIARR R, — BT, KRR
PR K AR AT 2 INRLEITE (ULER 9 ) o WA A9 K R B 32 S e T OB AR (I
557 35) AKX AL DA 9 F) FTEE XU S RAE K AR (ILER 5 %) 4 . 5 HAlok
A QN b AT 1) 4 BRV- 2 B I (R] (FR b 24 5 4 I AN 20 32 %) AH B, i8I Y 42 BR
S8 7K s B ] O A, (FL R 7K ARV B B DR L UL AE X O RT3 2 e P 4 3RO 8
FK Vs B B (H] A A7 — SRR KRR 5, K 2850 K R G AR /N HoK S b (K B B 1] Sy
BN EFOR) o K R IR IE] (4 AR X 3R SR R R g 1R 22 IR T LA
YA RIS 1 ~2 JE(ULIE 2 - 4)  ZEITA FF R KSR, RIRR AT WL AE Y i R 285 2, i
FETT RSN , oK R, KU B B T 5 /0N PRI T DA 3 %) A5 384 B ] AL b 7 3k 2%
IKEE 3% B AE A AR F IR VTR SR AE AT SXREA A 2 TR e

B AT N SR R G, PR i A 2 U0 I R T S A Ak 2
PR T HEAR A, I RE A PR mi 1 fi d_b ( RE KRR ARk . TN T B K AR, Xt
P 1t P55 A8 A o O A 5 0 2 TR AT b 4 75 e (R T ULRRAE KR ) 25 1R
PP K L L, T AE T AR AL R 7K e o — i AR | BE 815 22

Tk

TERBRNE |, 35 K T ANZE /K2 7 A R AR AT, A A 26 Tk 3G sh XHR 2 T
KILFEA GG YR N (HZE Tl A M IX X I 7 2 3 R 7K 32 A AL AL &4
15 YL B ENAR 3 L JF 5 RO B 1 SGTE . Hb F /K Ik S 5 Y i B AR IR
ME, A UAR Y 5 o V5 Y RERHD T ZK K IR 5T 30 2 15 Y R S AR I8 (1 b Ty (Gl Rl as 45T
TK) o LR AR B2 32 HoAb 25 i M 3K — EL g T g, ARG Bsf () 8 22 JL 4R AR I R
X T EE R KR (R B K2, aquifers ) (9 7K il A I ] FE A, EL I B 7 80K 497 1
A G ) Bl A 5 2212

M AR R K 75 e R B AE PR IS RS Y RN A Tz i AR s RS e,
TR A U5 Y ) A8 I T o S IO 3 1) B 3 Tl HE R K R R A T A R
T JRBEAN A HL 7 AR B AR R R, v I VB T S T T i Y B T
FEEH RN R E B SR I A R E S HE Y o AR SRS YL P W R T AR
FHETE e, Q4% B RO O A RE RS JO5R0 , DL R v 443 X 4 2 403 7 I T L= 1)
(WL 5.2 TSR 28 )

SRR IR AR 5], A B NS0 T I FH K B0 i 22 AR K (R4 -2)

O “WHAME S Y SEAR B [ R IR S5 ul T R Y 0 3 DX, e )2 I A ABHE b 3R 2 i IR R X
BR 7 B LEIETTIITA A, T B UM 52 25 7 B[R] 2 T IR A AN AR U ( Carpenter 1 Lathrop,1999) .
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%48 | KA AR SRR |

19 L. S PN AT L A R P 70 DX = 252 i T = R, T PP AR IR U R X v
AV i X R A YR S i DX ) K B ) A0 AR AR AR AR TR Z . 3 4 -2 R s [
RNIK GV 20 A KT & , DA DA 2 [ 5N i P 2 80 A0 i A DR B AT TR E A
AR 1 A A AT L6 [ 5 AR R L™ i A I, A SR IR K B IR R T S e N, 7
22 NIKGEIR BRI 5 350 m* o B B AFOK B U B A 30 m*, F2 B0k [ K L (HAHE
JE B A THEAE A AR K BT 1075 m, 5340, — LR SE A B
R M | Hh RN, A7 26 DX A I AR = A L6 DX oK B IR B D Sk iy T30
% SR AR ERAN A XA IR Y 2 PEAR AL R K AR AR LA [ IX S 2K B IR oK i, 35
4 =2 G5 A ABR BT AT " B AN S R TR B IR k. b g2 T
] B TS5 B NS/ BB AE— R B L Mok is Gk Bl o N, ¢ e i A Mk UK
TR I SN HRRT5 e iy T BB, 7E - 53 X, E MR R 2 3 BOT A £ 0 (1 i
I TR ) T UK (K 7 A o R A1) )T R 3 Tl 75 2 mT REAE 348 s A7k
GRS T T A 196 BB B A5 g U WK AR 75 e i mT RE PR A v, BRAAE AT e 3k k Ak
BRATN o MAE A AR S0 0 S R T O3 T B SR AR R, i) 2 DA 1989 4F:
] 2020 4F, A Ji P R ZOK BEIR A THAE IR UM N 70% (% 4 -3) , IA LT R IR E KK
BRI AR BRI

F4-2 1990 EHHERKKEANTHEE (m'/N) FREREEFREF, TR E
AP ESLGE: A TRERN IR ATHNEEBHEALFR, FAOZEHBX ALY
AHEESKXTXRAFAE,)

M% TR KRR % FREAA/ %
J& RA I Tolk® gl

g 117 490 <1 46 10 44
JIEv.N 109 370 1 11 80 8
Rk 96 150 <1 20 72 8
L 34520 1 43 17 40
75 22110 3 12 85 3
P R A 21470 3 9 18 73
T e 21110 2 36 55 9
HICH)E 20 480 5 65 2 33
piNiig 15220 8 6 29 65
ENE e T 14020 1 13 11 76
B 9940 19 12 46 42
B4 ) 7510 3 19 73 8
T+ 6520 6 23 73 4
H A 4430 20 17 33 50
BV 4030 15 6 8 86
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4.2 | ko |

Mz AT/ KRR % HARBAR/ %
JE R AT Tar® L2l
B 3130 30 14 27 59
e 3030 22 16 69 15
THPEF 2800 41 12 26 62
i 2470 16 6 7 87
g 2170 18 3 4 93
3 2150 11 30 27 43
e 2110 24 20 77 3
B g o 1790 6 23 68 9
| 1450 17 11 14 75
mdE 1420 18 16 17 67
I 1 ] 13007 26 10 70 20
B 1290 30 16 60 24
e illiny 850" 72 11 85 4
BT JR K ) Sl 750 16 22 4 74
faf 2= 680" 16 5 61 34
H eI 590 7 27 11 62
& 2 570% 5 9 55 36
LIt g 370 88 16 5 79
$:9/3 30 97 7 5 88
O EHATEERAL, HAE KRR B L E R A
Q@ kI KA,
4.2 KEIE
IG5 A 5 15 Y
£4-3 BAERIEWEKHWEERE/ (kg -ha™')
X 1975—1977 1985—1987 eI/ %
e 67 91 36
1l 14 19 36
63/ SEm 84 83 -1
ERU 28 39 39
A7 42 93 121
R 207 228 10
KA 34 34 0

BRI 2 A i ABHRBT AT (1990) .
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%43 | KB TSR SRR

KEBRHFRSHESE

SRR TR A HE AR B R Tl A K SRR T FEH Sk 1400 ~ 1 800 m”,
Xof T A e ik TR R U, AN A T L Tl AR b BT 5 A i R /A W U, SR SR R St A
K G VR B il A B e A L T K A 3R 3k A 0T LA AR 1000 m® ( Gleick,1993) 1
ARG IR AE RS T 500 m®, & T B HUK , LU 239 7= i (A 77 5 B R K
IKBEIR) HRBHIsE

FEALSE BRI , AN FI7K FEUEAT RO A 2 A AR ARk, PR S b X (1 e i A HE L 48
FEIK I 7 2R B B B AR AU N 2% ~3% o AR, T AZRTHFER UK & 2 5kOF- 3 R4
SN 4% ~ 8% R W= AR KR I 5, N F KOG YR T FE A 1 1S i o 5 3 (World Re-
sources,1992) o H T A FHRBEHG AR ML Az 7= 47 K, A1/ B8 U5 AT R AE R K B g v
AR AR RBEALES AR AEFIRGAE (Gleick 1993 ) LA K /K Bt = (14 v ] b FKs 2o s s
b o TR ICTE AR A - T 7K B TR , SRk I G AR5 T S ™, i 4 TSR K24 109% 1y
A PRI ML 7K o ZESIOKHLIX, 2RO TR K VR SR AEREE - AR TR 2 ( 3%
FH# ) ARG A (2 L) # RE RS T A B 2 K F A A& (3R 4 -2) o TR, K
5% PR AL B 25 (K G Y PO PR 342 5

P4 -2 R ZHUE R NI ARG W5 R e A S o mT AR R 7 o e R, X R
FFR 7K PEAR A3 A E T B NS TR ) X, A, B AT 2 2/3 BT 1A 3 A itk
PR, MK AR S NRTCIE R o G2 A K B2 IR A A5 T i, K 2 9 5 /K B e ek
1 ( World Resources,1988) , {H KB R K 4 2B R G A B B KRB (W55 29 )

7K B9 BR )

K1 T ) FH 538 B AR R K 1 Jo i 7 Ak s 28 0 J AR N 2 B ( T8 A IR I 2 25 B
I ) 77 D T AR FH A B o, 2 S A S ] G s X ) B A AR e P A . R
PR A 08 ] R K BT U5 -0 T (K b TR 2, AT AR AN, — e e
it U ) SRR ST IO, DSl EE R FH K, 5 6T U I 5 Y K e FK BT AR
ARKFEM o RHAE SRR b DAY b R 7 I 58 2 ) ghe 7K K BT 3 B M S b A5 O e i
TE—SE R EI 5K, /K s BN 7E R 7K IE B AR Oy R E w2 , W Te T FAE 0y EYI R 7K
A IR

A TES L TR AR A )2 AR D A2 B b B ARG A K B K &R
B al F KRS LR s2 e, KR R A2 075 G i H AR KRR R AR 2 EAT TR R AR e SE Rl 5
ML 100 4EHFT, 15 Y AUSOR —A Ja i X sl E A9 I8, =226 T s R 5 58 R
Y, G0 LB Tl R TS Ge , BEA WA S D i & A UL &, it an 41
M FAK A G RBA YIS Y, WA A 8 m A TR TS ™ A SRR 9, LA
SR 3T Tt B AR TG KRS, 3055 o 15 LA G R e B A AL ik ke 1, A RIS 1
AR IR (LA 8 %) 5 YL IR BRI . VR 2 A B A ML G 02 26 W Mk L B fi
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| 4.3| #A TR SBIHBEABRABRER |

9, AT SRR B R A KR (L5 28 50) , TGS K (A i 15 e o 1 b
5 WA LE R A7 A AT LA S P I — 2 e oK B3 T 473 163 A o E 2 € ( DL FS 24
) o A RMNETE R ARG FAALK B A HEIT S0 115,

FE—5E T FI A, Rt B 2 s W) AN (R 7K AR 28 AR 4, W2 e Bl AR S AR
FEE S AR LE K A /D B L X, T S R R AR S B R S sl sl b Uk AR UE . TCig
TR EERACOKA, R GEN R A PR 22 ih T8 911 R 3 Tk A s - O 77 $h A4
IR B TR QU O BAE IS MR IBOK s @i sl 2z 8] 1 98K ; @78 B A
B e R BERE MR 57K 175 G s @RI B RO A T Y A2 T 5 CO TR 8t b B o828 bl T,
HHK = BRI SO A BCHAR T 3R 0 -3 7K — Bl S A2 bt b 1 35 ey 1
EEPCEZRME (WA 8 &), JFREM K sh Wy (L IE A AIK 5 ) 9 TE & | SE5E A
AP (ISR 26 7)o SEWIA A5 PR BDKAE R G5 HoAN 25 2 G2 R fili b &%
RARGZ A BEBR AR T =F Z M AR . AR 385 WA AR AR
23 B GUIT W TT AR RT3t B AT 20t A UK AR S R G MR IR R 9

eSS 251 40 AFrp PRI Yl K HEF BRI o i RN 288 Ak B 09 32 iy 5 R A AT AR A R S
T TR, Tl A i BRAE IS K R PRI SR 45 119 e e A0 K 7 SR A i 3 i, ik 2
PR HE TR IA =00 A OF B RS T R R o B T8 7 B SR Z T 5 2 ik
R G PRI 00 2R G X BEAEE A4 00 107, HE Ui BT T TS Y WA TR BLTE R SR Y
TR I, SR AR IR BTS2 R . b, 1R 2 R E B 25 5 B R 2
NTW SR 2 SEERNA O L, A 2 90 BB U A B 18
2P B FH T 22 AT AR F2 ARSI T 27 i) BEIE AN | T30k 26 I AN B0 1
B SEHIOME . ARSI DS T AT 5 4 T80 ¥ = S AR e % DR MBI 32 B BOR 1 2, T %2
MR T VR P 22 9%

4.3 #ERJVAURORHRE EEK 0 IR

N = RS el =k R

WA SR Y R ER A AR R AN S, 4R BRI (KT 100 km® ) 135 2K 13
FETH ALFEER 40° ~ 50° R B2 A, HUOMUE AR B BT (] 4 = 1) 5 JOK WA 7E g 2F Bk 3
For A AE 30°S BET , AL ER 2 A 75 40°N ~ 500N, 32 52 A2 HLIE Y 52 000 5 88 3 0 3= 22
GIATTEARIE BIE ALK MO K il B b 26 KB AL b IX

PRI 1522 AW B R T 100 km®) o5 7 W71 1T ARRI 25 7K dak (9 24 K043 (HL
SBR 900 T3 AN AN KR (T B KT 0. 01 km? ) 0T 22 (4 /N K (R L, OB =
A RIER . HiBk B/ NRDRIR 2 AL R 7E 40°N ~70°N (&[4 -1, % 4 -4) , Wi —
Il 7K Ak 10 T34, Horh 96% S /N R sl o (HIBLA 0.1 ~ 1 km® ) (Hékanson Al
Karlsson,1984) . 53 W IR XAT 2. 8 Tk AR, Horp 98% J2/NMTA B o M &1 73 B
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%48 | KA AR SRR |

A, GBI R R 2 Wb s A BT o5 A L B RO e TR R AT LASR
3R 3P (£90.001 km®) o IR KPGPER I Landsat 5 3% R 2047 2/3 (7K
PRIEFVNT 0. 01 km® (1 ha) o #3X AN HUBIACR 248k, M RERFE BUAF KA P, 295 1.8 x
10" ANHEBVNT 1 ha (/KPR TN AERCE b7 T KRR R 4)

i ith
10~ e Iy -
i i H R =

i 5 4 EE e

50°S 40°S 30°S 20°S 10°S 0" 10°N 20°N 30°N 40'N 50°N 60°N T0°N 80°N
B
B4 -1 ZRRNA SR S AR O (5 AR 2/ N A B 831 D9 i, 40° N ~ 50° N A AY a7k
WIETA SN B ke 1 FELIE AR SR 5 575 At T T AR BRI A5 R b M RSN A ] Ay 4 3 ) T 204 )

Fd4-4 ETERSENHBSKE(E: HPZFEXBANHBNERZREE
SRS KEN S RIMNEMEREA,ND IELEMHE,)

KAl AL km?® WAy A BT km®
SN >10 000 19 997 000"
K 10 000 ~ 100 1504 686 000
LR 100 ~ 1 139 000 642 000
/INIEA 1~0.1 241 110 000% 5 288 ,000%
KoK I 0.1~0.01 2447 200 000? #4190 000%
HoAh Ak I <0.01 ND ND

@ L HEAGHEA 374 000 km?
@ KRG ARG SN E RS

SRRt b TR ( S BR VK 36 TR 19 2. 1% (2.8 x 10° km®) AL A 0. 01 km* (1Y
WA S 5 7 55 (Meybeck 1995 ; ULER 6 %) o KA 35 A 43 b DN [ v 60 R 6 [0 0 ik
VKR H AR S 0. 1% (WA 6 %) , BT AN 4E 1 B 1) 9% o ARE Wb T B o
X AR X AT 40% ~T0% 1) Fifi b 4 10 b 7 565 , 1000 0 2K ) P b b IX (SRR 43 1l 1
X HT) 7 34% (4Bl s AsATA I8 ok e i 7 5

A RIKEREK

SERWIAK R AT 2], 3 BB WA 5 0 A9 = (8] o A AN 42, LA 95% 1Y
W3 BOK A PR AR 145 NIRRT, R4 -5 28 1 4Bk 20 AN KA Y T
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4.3

A TR R E H SRR |

R FBURI R KK R o FERERINIAK &P RO FBOK & —2F (£ 4 - 1), BigRHEE
R TR, o5 B 43R BOK A SK R 1 75% , A ROK 1A S0 5 A 5 —/NR 47
MK EATE T R b XA EE R (W 13.7 75)

PRI Sy B o 3 T A B FH UK R R R, J5 K I T 7 22 5 T B AR XT3N . ELAT Bk
IR IUE ok 1R ( ZHCEEALEN) 7T LABOF &R . oAk, B ROK 8RR =
G 7 T BAT 8 25 S0 ANTE T HAHA A — R LE WP | i PR 3 3 K A J3 i A
FOZE R, XN T A R DR i 1) 48 4 AR D0 R A e it 56 88 7 el 2 T A2 Aok B 2 Al W LAY
T HLE ] DAL A A, F0) 2 5t DX 0] 30 22 A0 i) ) $hmAbe , T ks 2 5 | & i 2%
i IO A S PR A 5 W A T R

RLFR (L ERTINE R 2 2 BR IR IR K INA (R 4 -5) o M DUIZR (2
$) DU TSR — TR A AR, Bk B Ak /K WAL E K 51 20% o JRal F] R
W DUIZR AR ZE e B (RAE) R ERRAK 5 LP 2Bk R K S 114 (44% ) o

TEAERARZ2 B b A 28 A 1 R R RR IR, ARk WA s ok ) ( 36 (&) g
JRHTBURR I (L) , AT TR AR RN R BE S8 AN R L B (R 4 = 5) o S A —LElA i T AR &
A TARTAEAR , QS T YR 25900 = A U A4 T L i 8 (s RO, SR %€ ) AL T 5 AR T 5
Hi DX B /EA) (RS e HR @ HRNE W22 ) o EAS- LSRR 2 500 km? , 7E 50U+
AR L I A VA 2 A LA R BRI (BB M) | fE S BL T T B AR 3 T R AR Y
Azt BAE 20 2040, 3% S AR AR 03 8 AR 1% 0 1 T AR KAk 5 25 900 km® (Herden-
dorf,1982) . TI7EM4> 6000 45 11 5 3 /K I 3 , /45 ) 1) T AR L 22— 247 g 28 300 000 ~
400 000 km® , ZEARAN B 11, SHOARLVD LAy R4 T 2 55 , I EL G vl I B ot 1550 5 VK A 5
i ( Beadle , 1981 ; Pachur F1 Kropelin,1987)

F4-5 EBEER.EBKENMEXREAFHHER E5720 MR KB EEZC EH, BIA
R CAIES T, 403 GO TR ) (COEBD VOl FOpFD) MORUK) AR ]
(2k B Herdendorf,1982)

i MEER 7S AL km? i MEE 7N Ek R/ km’ i NEER S B RIKH/m
H(T) (53 & 374 000 Hifg 78 200 DUm/R 1741
)

TR F IR W (G + 82100 DUIm/R A 22995  JHIEJR HWH 1471
T) (kK &)

(T (W%, 43000  HHIEJE M 17827  Hig 1025
59550 5% )

deZ F W W (T) 62 940 TR SR I 12230 g 706
(HGRW . HFER

T 5+35)

PRI (G) (& 59500 B/ ViR 6140 PRI T 702
KEH)
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gLk
i MER 7N A/ km® i MER=2 7N K/ km' MEEA S ] RIKIE/ m

R (G) (£ 57750 VIR 4920 PN ED N 614
=)
HIEJE & (T) 3000 PRAE 3537 B I (B B 590
(fR P H B JEVEE)
W BELEAE R )
DUB /R 1 (T) (& 31 500 Y 22 FI 1) 2518 TR (V) 589
BH7) (EM)
KEEWI (G) (fn% 31326 KAETH 2292 EIEH(V+T) 529
) (ENEEJETEIR)
i B YD (F) ( 3000029 KRETHIIH] 2088  BRTEMTM (B 505
HH%E) Vi)
K fr K #) (G) 28 568 BB 5 W (T) 1738 PEAEW (T) (% 501
ko) CESED) )
EACT) (B, 259007 R 1637 ME/RIHLE 514
Je H/R Je H R W(G) ()
WE AR )
BIRM(G) (£, 25 657 Rk 1451 AR (T) (3£ 489
JIEN) )
weAa# (G) Chm 24 387 iz i 908 FERWI(T + V) 430
EYN) (FIETE R
SR (T) (5 22490 4 e w3 (T ) 827 ZEHMR I (G) 475
g SR (3% F 4 0 i GIEYN)
FJeW) )
ELIR W A1) (T) 22000 YIRE# (G) Chn 585 WY i (T) 457
(M FEi3H) FR) (H)
TRBEH(G) (I 19000 /R 2 48387 ( fiy 510 Kb B (R 449
R EH) W AT FI FTARAE)
FLZ M (G +T) 18 130 BRI 483 TEAL V(R 449
(R ) 3
PSS (L 151007 13 AF 9 ol R i 480 % /R M B % W 445
) (%) (€197
R P (T + 13010 TR (SR 371 gy LI (A 443
C) (ZWHaHi) )

@ % 2000 47, AW B 675 3% 9 1B B R 2 24 200 km? , K 84% .
@ Bt K A2 I B UR ZE 11000 km?
@ 2 T A A A AR A PR 1 P K T B
@ F FHEAG 2 A B 2 500 ki

54




4.3

A VIR OB R B IR R

SRR AR KR 2% | (ER AR A K 1A 2 700 ko
(DB S 55) , 34 -6 FI28 T 4Bk 25 ZB i T 1 it BEAFR - i i B e v & 2
e T S AR AR AR M LR 5 BT R SR R K V2 AR R A A R A T AR
(DLER 8 F) , Herpin g SORFEME L Tl ANl LK R FZK 9 FEZORIE (WL 1. 1 799) .

F4-6 EHKERW2S FARKEEM—LZZTRCIRZATORE.

SEAXER FEHBRZEREVEEESFE2HF,)
- o fﬂjf’ﬁ%/l %kl}Zﬁfﬂ/ ?%%:%??ffﬁlj/ ?Jﬁwéfm%i
(I0°m” s ) (100km’) (10°t+a ) (t+-km™~ -a")

7. Ey ] e P B 212.5 6 062 406 67
MIR/FL A B R R R E 39.7 3968 72 18
JRIA] Wi SR
KL i E 21.8 1013 561 553
ARIIDEAEE AP P E B 19.8 553 813 1469
EVALT]
R E A NEIES 18.7 1047 1626 1551
MEZEN P 17.4 2471 11 4
PP EE 17.3 3185 350 109
BRANEERNT BT AR BN 17.0 939 97 103

ETTE A
jEat) ez W 15.5 2680 80 30
BRI BTARAE B4R 14.9 2278 91 40
AT gk 14.2 1274 4 3
PG FLRTT  HE  4ifa) 13.5 362 336 927
SREE % 1 12.5 2 448 16 6
/T W EH L B, 11.0 387 190 491

e
FTERRTS o E R 11.0 1822 52 28
£ e Tl I | 10.2 896 — —
Hisenl gk 7.9 1784 15 8
8% 3k 3 FHMBLLT 7.0 262 172 656
RG]
FHE LI R 7.2 266 10
e G| - VAN LU/ I I 7.1 1280 100 78

F I GO L B

FO R MR

i
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/AR LS Dr =N " = Ry YR IS bty
eSS LR RS I AN 6.2 806 22 27
I AN B2
FlEERZ B B H e
BN R X AN )
ENETSN
I = 7S T I 1 SN | Y o I AN R AN 6.1 1100 5 5
Je HIR Je H R %8
P HL &)
R P BRI T 5.6 1231 489 396
Ba gk EH 5.1 921 88 96
((SEEOATI NN i &2 ) 4.1 322 7 22
Je & B R BRIEM LT 5 2.8 2944 124 42
P BTk
JEpg i BT N S S N7 E5 N 2.2 145 1 7
fiif %
L= a0) Bt 1.7 94 32 340
JEHE B M/ BB v b H AL 1.4 1048 863 823
YURPLRI R
Wi BERA 1.4 54 17 315
E i1 VAT I 1.1 191 2 10

T« 32 ERAZ PR R AT LA LR Pk ) http : //www. nhq. nres. usda. gov/land/index/erosionmaps. html ,
PR IE A 3 Welcome, 1985,

4.4 “HEB”EHASAR

#iH

AN 4 AR S DA 3 RS /N R I T R O A D A A R T, R VR A 0 S A TR
ity L e AR R A 5 e BR 4R M — 2 BRI . — DI S BRARAT — 2 B9 D) s AL 48
(W55 2 55) X SEAL G Xt SURRLA RIS N 2 5 16 LB B A R 22 W), 24 0% 208
Ty N A A IS 22 Ho . W) (HARES T 10 000 km? ) A5 1 R 46 K
REANA L N DGR, 1 1d 25 100 Z24F ot Jb il i D BOLANROK RGBT ST, (645 AAT]
Xof 33X BV R R S5 A FIDIBEC 288 1 — S 1Y 1 Al , TT 33X 6 7K A 185 B 3T ) I 2 AT
FEPEE RA 1 ~2 h B4R . Rk R AL T AT iy rhoo i, 552 219 5C
TERIM D o X BER A BT 58 BT YB3 o 32 B il — PN IE 2 AR B AT
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4.4

CHAHA SR

TG4 phy PRI B W30, T AR AR/ (0.1 ~ 1.0 km®) W TR 2 R AT LA 2428 R /D
AR B AEAR A 2 AT LR A — o 17 EL, AR 09 08 TR 5, Al AT DT R 4 0 0 TR
JE R VA L Z I AR E M IRLBRZE , AT /2 1 X RK h — SE B R AT T ST 2 AR o &%
SRBCRTE 2 U A A R RYTIA B B A K B e AR AR RIS R R R

AR TR/ INTT TR BE R B ATH , DR 35 BEAR BE , TEAE FUA R 78 B I 1l 1 5 K AR A
Yy SRR B S A DGR Bl AP AR I (DLER 24 TSRS 25 55) o BEUK A9 W) LR B0/
AR K DX I (TRl ) A B 3 3t 8 e A AT S 94 4 B 22 i 4 7 T o 7K J e
KA, PRI A 450 52 2 O K XTI 5, FRATT MoK 1 T 215 2. RS~ 1
IEBIIIAT AL, R Z BN KRR BAT AR ORI (3R 4 - 4) JUT A MoK T R
RAPFFAE (P 4 -2)

Emak ik
B i 1 A
10* -
107~
10°—
L 104
=
= 10
=
10
107 <
| El4-2 LSioka (P) JEFEH (L)
iy TG (W) A A 5 1 4> 3R 91 %
. oA (oK1 R EAN T 1

001 0l 1 10 100 1000 AARLI AR O 3, KT 1 A0 DLk

B A T e K RE) (51 H Wetzel ,1990)

20 {22 60 AR LART , VA - 2L O AR LL 30 S ¢ R4 HE 7K XOR 32 T4 A A
THEWFTE o X LEWIIAARZ TG0, M EN, X AT RLTE B3R 20 581 T 98 AR 15 1] |
BIRERKCT S s R AR A o T A 180 T80 9 3 200 7 3 B R K I, 14y 3 4k
e, 3> DRI AR /S AEASASCHT 0 4 A0 e 25 Tt HE 5 A A — M AT K IXAR
(R /INATIAL , HE KB R B R ) VB SRR A A BRI A (L5 8 BAIEE O 7)o X
LI W B R KR B T B FE A R B, K B et . M, IR XA
VFZ BRI DK TR L B ARABER KRB | TR S5 7K TRAS B EE A1) B4 T8, 3 2838377
B IR R, B R ER O 28 (L5 9 55) .

Aty CROORE e EEAEAE AR ) A9 001 55 0T 0 1) 7K Dl BRI B A B i 1 2 1k
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%48 | KA AR SRR |

ARAE IR | DR 52 30 58 22 (0 DG TE o AR Bt X' HRAR S 94 23 1 P R ORI, A1 A FEL 14 380
THBAT R K PR A SRR 5, TR B8 22 32 0 20 HL 28 Rk AR U T T L &
SEAR e A X3 45 1) A S PR

HHzR

FRGEMIA 7 10 3 3 B AR5 N A 2R Tl A 308 R VKRB T A 2 0 . Aiid
FL04 40 AErR XA K AN T2 BRI I BT I ) R RIS A T 2 A AL G
SR TARKALA , 1 BEoK A SR K TR B8 /I, HL AR 3t HE A 1o )5 3R K AR
T AN E SRR T — T &

THE S AR DR, TR S Y TR, — L Rl 6 3 2 B, AR Ik v B I
ZEH f " E AR . PRI, KRBT S AR I ST A Al Y Bl (AN S 3T G
DUINZRT) ARG S (B %) o Wy BEISA <A 0 T T BROR KRR T 5iR
SURKIA AL GEXT /KR BIBIFSE , FEiiad o2 DG HRAE D7 TR 0 M UAR A R, R e A
DCLE R ZN IR AR PR R, Y I E R B R 7 DA RN . RIS iz
TR SHEEA N (B 4 = 3) XA B TR 2R SRk

B4 -3 gk =2 R KIS CSS LIM-
NOS(CSS LIMNOS 2 —fif & Ty g i) Bl 2= i, R
BB 1) b 559 R T A, 2 R Ig 48 1
S A P BT 7K I RO B ) (IR R Ao & ok
Ml 55 SR R AR 3R IR 45 A BURT IR 453 Ao
VFE )

Z AP RNIA (CALIE K W) AR A R 23 BE 13 ) BT ST S MR AT, B AR TR 4 iy
L RLAC IR A N KR BRI R T 2 B AL 1R A (B A R A R, (R X L S 4R R AY
S8 AT A ME SRS T X S AT ] 3t DX 8 K AR ] ( Williams , 1988) i it F 52 4% MK 4
AU A AT T (4K AL 2R R G I, DA (A5 531 4 5 1 DU 1A 5 2R 30 A L i
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4.4

"HAER SR

S A AL AT LUAE T S T R 1S R A AR BA TR A RE

XK R AR, EAHBITH 22 12 28 N —4> S0 A AS B 1 A RE P 5 fb A
JR ISR — AKX Bl KR LA be 78 R AUk R A — L BT ) K R G e~k
(DLEF 8 TG 9 ) .

BEiRSimin

5 LRV AT AR T R (R R Bk AR o SRAFIR AR ST B3 sh K (A2 L IR HT B3R AN AR AR
T 5 P v FLR A2 TP e /N AT o A6 T sl /K AR 19 SRk Pt DA e A 5% ok o 3K
Xof /N AL 1) O o) 7 — AR B T PRl P TR T AR I S /K AR 7 . Ben-
ke (1993 ) X} 159 A4~ kR BYIR sh K A b TCHHESI ) 09 4 7= e HEAT T 50 BT, SRS B HESh )
(A P i RO B R/ AR RUK TR Y e, X Benke 9 EHE iE— 25 3B AT LA
RIN,83% BFFE S e th £ i (30° ~ 50°) Hb X, 1% 7 $ts FIE A (30°8 ~30°N) Hh
X, HA 3% RAEm LR B ( >60°) M XHFATHY

Je B E TR E KRN 10 ~ 20 °C, AR 48 R AR IR, W) ] 0 9 sh K M 1 A 22 K &=
BIRAE A BFATHETE (15 67% ) 1,425 ( <5 C) M LAER & 4% 40910 5 18 oY
WA, FE AT AT S/ N KR b /N T 10 m*/s (1Y 85% , HAT 4% W9 1
HR SRR G YAT AL (T 100 m’/s) FREAT I

LAY T MR A — A O R ST AR T RN R BE T T LA Y R M
T R RE R 20K A SR B2 AR 56 12 A AL, X A AR R A AR K, W e i 2 fifi 15 5]
TRIK T F R D, B, T sh /K AR R 26 7= 0 550k F SR A HLAD L E ) G HE
S B LLBIAR L, 9 AR . 5 TR A 22 X R A IR 3 /NI D BT A7 1) I 3
A HUBRA HE , X eI AR Aok A T30 /0 Bl 1 ek _E Y L 3R 56 15 K R+ e
REEBAS AT MDA o T L3 BTN YT 2 8 AR AT K I ) (SO ), 32 JR AR R 7K A
G BARTIRTE K& 78 1) H [ 25 5

LT VR S AR R/ IR T AR X AT I T G T bty e = A el J2 A YT L b
T RAT A AR AR 22 TR LA B A [ D25 1 7 25 R B R T AR N —FE, A S5 AR
IUP T 3t A K Bt =2 ABLAE A v o B VAT i AR — o 53 A, W K i X114 9 sl K A R b 5 41
i RE TSI K AR WARA —FF |, J5 358 2 Wi B ), 108 4 7K 04 0] 3 6 ik o
AEAEAFTEAR R Y HLIC LA (9 4 N AR PR AR fk o

A5 31 78 43 B G (00T 30 A8 AE AR P RN I SR A o XRF 19 7K R T T R AR 38 vl ISR A
[ A4S IR ASTE A T I S R AT S 90 % T L 5 %) T S 7T A 3 R T 8 SRR AN A o
AT, KRR AT S RIS X K AT 2o A B X 5 1k K AR B AR R R i VA

@ “FAD IR GERE AR - X LRI FILEDFTEA G2 150 (Dodge, 1989) ¢
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AEES
o AREKEFRA2.6% KK, HB . TRMEMMAKER FALRKKLEW
0.3% , AxkiHHEKERRAL E—F,

o RAREHMKKENPARAH G, AR ER MK G THAKRECTRKER,
FEHAE R, R R K ERE E T R,

o HEA0FFNAMBERRT KRN LR, B, AR IEEIE N F KR 2
TFEEEA T B MERTR

o HEARKRE A AN EAT R A LB AR BT R AR 3 AR AL
B, WA RAR N HHAATEE,

o Y KD IR B AT R R AR N T B KRR
o EA A LB F R R R T D B IR A I R R AR IR AR B, AT By B R X
SR DA B K AR b RA T A 2R AL e KR A R AR B A — S O B KUK

(R85 %)




E£5F KXGH5HFE

51 3|7

IR A K i I 23 A A A5 R B o i) 405 2 e T AR I A B B K X BN
W MK A B INEIA] . AR K R eh BB RICTE K AR 23 RN AL , XK A A 2 A 5 7k
A IR BRI AN T) A ATl 5 X Sk G BR A 405 R[], (HJ, e it B4
SPILIA 111000 km® 5K 43 F9% B M L, Herfei i 2/3 (71 000 km' ) 3 3 7% % (evapora-
tion) 55 7& % ( evapotranspiration ) 1555 , | 43 (40 000 km* ) i A th 5545 i AT 370 T 36
Mo, B AR AR K [ R (5 - 1),

x5-1 2BKBEHER/(km’-a™')

PEFR L ARG AE S
Fili bz & i S 71 000 68 000 ~ 73 000
I e 7 111 000 99 000 ~ 119 000
{EREEE 425 000 383 000 ~ 505 000
TEPERR K 385 000 320 000 ~ 458 000
Bl b AT A2 I 40 000 34000 ~ 47 000

@ B TRDK AT BERIT LRI IS, T 5 X R OB T3 K2 R R K R AR D MR $ 22 A
%o EURTC A RIS Db H Y (R AT0) 7R B R (1 H T 20 2 60 4 AR FLIGIAZ 156 1 v 06 1)
RERL I — RO PR 2, 2 J5 BERE RS AL T K v o TR AT 12,3 48 R H (i XE R, (AT
LATH " (9372574 He 1 5 ik A IR ARAF , 38 45 A (9 00 52 0y 0k AT AT 2 3t R /K 47 8% LR 3L 4R R
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Whitlow, 1983 ; Allanson %5,1990)

PG F 2 M5 R 35 K R B 2 b 2 T 25, LA VR R D 5 B0 e
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TAKRFE. BT AR RIS 5 T 0E DL K — SRR 7% 32 33 T 7K L, AR AR 9% 7 55
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SRR B TR 5 0 A S A B T LAY I S (LA PRl - 4 R A T
T KGR N KA G5 E o AN, Mo R 7K AT H AT o i - 7 R4 5
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(seepage lakes ) (111 T 7K TTHR 3 AT REAR & , X 0 A It AT AN i, & A0 T 2 L4
b b X 3304 b DX K P — S TR I B T R 7K o 78 2 AR A b DX, b T 7K ) A S A5
AKEZ AR EARTRERABIRTE (RS -1),

EARFRATAT LI 0 2t b T K HE S B, (B3R 03 B RS G 4 gy DUARDE D 7 , PR h
2 T K -5 AR B SR A 2R T OB A 8 B K A i, 0F A S AR R AR T K Y — 2
FOR 2 UTVERT T WIA AR TR b o PRI, & A 38 00 RS Ge i R K e A BEAR 2D
BN TR AR

B0 T AR T /KB Ah , A I 8423 (surface runoff) 23 3 AT ANEIA Z 45
A R ZU B 22 1) R T A 1] LA R > R ORI T IR e (DLIET S - 1), B7E T il Ak
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TR A K BT IE AL T A (LSS 21 BAGE 22 ®) o AHR, IEA R, —SE(REG LY
A SR AKAR D25 VKB GE UK L X, 7K A 28 G0 08 7K B 8 5 04 DU Ak T e KA (I
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BN IE 2 B T (Stockner F1 Shortreed , 1985) . 1£ T 2, % 25 B 7 3 1 7K o R 92 1
P e d R Y, 55 0[] i b - 97K O 2 e 28 i 0 2R R RS M i 28 A R R AR R = Y, A
TR 5 BT 2 TR0 110 A TR 02 Ak /K S R SR X B ZE AR (DL 5.6 49)

TR IEAS HUE— AR T ) S A58 8, & 38 W i R /K 8 SR RS e
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A B T AR ARA R (325 - 2) o TN N 295 Sl i A 4 3R AR B 2 75 L S 7
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eyl 38 48 174 173 15 20 6
T 35 100 88 262 320 350 61
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TATIAL AR 7K DR H 8 A 1 B ALk T Y 3t DX (LSS 29 3) o K% B A SR T I 3 KA
ARG, LU B LB SR Sl A L BT K P SR 9], P 2 28 R AR R ik ) JE 2 T A R

68




|5.4 | &3BAKE SRRMEE

(9 13% o LAZEXFRERE, oy T3 3 23 /KA BE Bt A o AT i E BRI T, HAi e i RO B

K11 km'/a; W56 745)

2 000
FERTHLCP,)

~JERRE,)

1 000
'_'!’
E
E i
0 LB
* H 1 E
1 f ) H
IR 3 {
\F ERF R (78]
~500 M

T 1 ] | I 1
9°N 60°N 0N 0*  30°8  60°5  90°S

KI5 -9 AEEZEKE(E,) FKE(P)
DL Bedt i ik ( Qo , mm/a) Ay 245 1 R AR Y

SERb R (1 B RS AR AL
qE ;'Mﬂ B .) (2 H Stragkrabo,1980)
2 500 —2 500
ERAN L___L___
2 000 — -2 D g
- u o F
o f///j] B
8 1504//// /77777 1500 3
&V =
i 4 J

;lmm?/, L i, -
¥ // ] 3
HER 27, 2

500

30” 40°
HiBE

B
=
3

0 10°

Mg

60°

50°

KI5 -10 HURAEFRAREE (K - em ™ - a™") FIE A 25 1 o B 445 die KR
E/NEIBEE () em ™ - d ™) (M H Lewis,1996)

69




#5% | K55 |

FArBIK 15° ~ 35 Lh Bl s AR [ 1 AR I8 , HAx i AR & s 28 i A
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M, e LA DX DA i 2 AL A A e ) i EE L R T A A 25 1 AR A LA
19977 95 B0 TH S R B PRI R R SR PR LU B AR A5 6 W R i 52 o BV S AR 8 7
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FEHE i (Nicholls ,1998 ) . 2 FAb K PYVEFE s F 4, & 5 B MR 5T 09 B K <L K
T WTA 2 ) TR A ) AR 2K AR G e A B TR RN VP BRI i Sh ) — TR IR R AR G R
(W, 23.7 %) (Y JE3 A8 4L ( Gerten 1 Adrian,2000) , LI K PG Rk 2 3 ( DL NZR 1) 8] & rp
] U0 1) 2 A s 11 A A7 S FT A K et AR A AR R B & (Livingstone,1999)

FRILZ AN 585 NAO A 56 0 23 S I B, A ) RUBE g 5048 i K T =
58, NAO F 4530 1900—1930 KR KR4l X A< Z 1 B Fb AE 5 45 0y B A1, Bt 4 A 20
20 40 LA 70 AR IEAL . 1975 4ELLJE NAO F8 52 il b #1537 1980 4L
KB4 IR IR %, X S AU BRI 4 2= ik TR 1 R S LA R e R e
i TR R R BA R KA SCFR (Hurrell 1995 ) 2 2 AR ZR N0 235 b 1 R v 40+ 4F
AN 5 TR B E I KA 5 NAO AR KRR (UL 5. 6 17 ; Livingstone ,1999)
STH 2, RPGFERICEE T RGN E SRR AE RS

SR HIE

SR Ky URFIIR AR LA e 53 4 5 AT BILTS G AR 4 Js (L6 28 #0) MR
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N T
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C T 3 iRk 15 WRAAKLM) 27 WEGR 39 WRAFLAN 51 SR
D #RH 4 NBEWERER 16 RRELR % Nk 40 BriHERAE 52 RENHLATENAR
E ROW:MURGEAhA foai 5 NEEE 17 LEin e 29 Ka 41 3Ei 53 RREAN
F RIS pL(# i E] 6 AT NEE 18 B REEE 0 Er 41 HERaEKRS 54 MERILER
G erRNN 7 R 19 BRI 3 AR 43 RN 55 AN
H B E wEmm 20 B 32 LR 44 R 56 B0 wEes
I BN 9 BT 21 Bl 33 HH 45 Mg 57 F e mn
1 BT 10 MR 23 ddm MM m A6 I 5RO - MR
K s 11 TN 23 ORI 35 ElN 47 ‘Efa 50 SR R 1
L E¥H 12 S 24 IR ELR CE 45 it ) k@

517 e —WRUK)IVE B9 TS (28 B g8 IX38) (R 09 £ B0 A X (IR K8 X 38) DA Jx — 2
T B 24 B ST 5 7K 28 1 4 A T R R b I8 DX Al T RS2 SRk I, T 7 32 2 %) P i) Sl
WA ) (B B Snead, 1980 ; Williams ,1995)
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B SEPR b, 4R B PRI Bl I TE AR AR TR A E T B 2 rh o R 2 BT T A
Ay AR AR AL T S B2 AR i A 2 b (L3R 6 &) WA B XU TR S itz
KAV, WA Az MR e K iR A A B (2R 12 &) o

5.6 JKHIEINSHH

Pk S#EE

R K AREE R S SV T R A K B R R R o il R K TR B 2 A
FAREANII 5, LAZE T 24 IR AL 10 O S S O P e 2, T80 A1 284 A0 s 4 T AR
W KA R, T T, FHEOHA SRR WA, WAK R G
TR A, S IR R B, XA A TR Ll 5 5 T 7K AN 45 R I3 B DA
T HIIA ( closed basin lakes ) B A #] ( endorheic lakes) , HW K s 2 sl DERR T . 7EN
X3 (endorheic regions) , {A[ /K S5 AN ST 1 A48 I ek 50 e ) T 2 A e SRR ) TV
PR R TF ORI (open basin lakes ) B{AM i i (exorheic lakes) , 3% ZEWITAA AW AA
Bk, AR 2 A PR B

M A R 15° ~35° 4 B LAAE s LA g ) DXI0nT LA B, m = Bk LA DA 3 3 78
TAZERY B R (AL FERR ) A EEALFBREE A (WL 4 - 1) o ANid, fiele iy T HLI: IR 19
TR BRI, , A6 BR A Bl AR K TR A Tl s (L3 4 - 1,5. 8 745) o ARERAGER I X 73415 2
K5 -17 Fios.

BEkE, ZRENMRE

DR ) & T80 JEL A A A A X B AR A 2% i, X ST A AT 3 O e
T i 24 o5 4K RSO B 84% T TfT 28 At JoT o LI 129% (185 - 18) o b3
PR IX ) 52 2 B PG O g, 8 e SR 1) T ) 7 DA % o e A0 T £ T
UL U PRI o X T SE PRI PRl DX A R B K A UG, T K R 28 R 40
A /INER 23 K G i AR AT HE . g S U Y LT AR M 22 6 T FR R 2 R,
HKEAMNA EESE AWM AR . AR BORER E G2 I ELUR B A IR, BT LA
IR BN T2 AR R AT R R, A 2R AR . T E ORI ZE & e,
ARYH AT R S PRI ACTIA T 1 247 3 80 3 A AR AR 1Y) 12% o TR 50 1) R
DCADESFAR B , KESEIIA A1 1 7K 5 3 v 24 88 % S ok AR Ui, RG24 12% &3 iof
K (ES5-18),

T E 7 A LB ANTS G 3 ek A AR AN T K, iz BB 1 R R/ LR A A
FERE WA o AR, WO AL 5% PN AR G 38 4 I8 DAHE I e WA 4 7 IR W I LE 22 5%
AKX X 2452, 53 0038 R IR 2 2RI T R A2 . g S ARk ok
A0 SR 5 U 32 R LT I DX AR U A R T80 T R R B A R o 5 AR L, e A
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AT 7K 7328 A SR AN, b5 | & K e 4 , oA SR AR b 520 3 A K B 5 57 )

FER (WAS 14 17 18 19 #5) |

AL EL T B B H

F-HU% r?i'!-{a"u
ARG # 3& 29 4f 3*9 1*:; 211
b ~ b “
b3 R ) T #
13 38 85 25 13
i —m sw nqmm & mnum uz}ma}
~ tS'-: 51\ 4 \ {u&;\ t351\
U ol Um A U
P - T L A A Bl it A
(% &= ()Y (H =)
i
0) (0. (329) (531 Sz
(0.4) (0.5) (5.1(12.2)
58 44 60
ot ! N (58% $t N D t “
42 5 5
(0.4) (3.0) {0.6)
i L YL gl
(B FEHD (4R RS
PTG i MY
(14655 0.38) (18.6) A0
4)(5. (0.28) (18. (
75 85
cand. b N asmad. b . G Tt "
LA A A
oo [ R
& )] (PR R A (=TFI0)

Bl 5 - 18 A PHRALHIIA 5K (> 1000 km?® ) LKA 589 1) 24757 Xy A Ry th K i 2 PR [
IR LU 3 R 355 P9 LA X (km® /) o 28 5 AR08 0k P 14 2 K W 22 o 11 o i
7 i PRI — RO TP, AR AT 57 IR ) S0 ) DAy e AT ) o DR 0 R 2 7 e A0 4 AR R

JHAEWEE /N T o] (5] B Voskresensky, 1978 ; Vikulina 55,1978 )

HRARIEL 'S — 18 JF 3% B - 34 e B 280 mass-balance patterns) , 3R AE H £ ]
A I P AR HL R J 0 R ok 1 W K T A 0361 s M e
BRI < )X T LA HE (L CA © LA) 75— 5 B RE L pfe T W30 8 A B 0 -+ B
FURLIE (8.3 RIS 13 85 ) WM G B /K S0 [ 2 b M0 B R E |+ MO PR
K S DR T TR A/ % FEEL A T SE MV LA 8 SIS O 3 1 KU T Y

-
T
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|5.6 | KevmA sH

b b e B i |

P5 — 18 Yy 3 AP IR I TE B K RSP 7 T 1, R B E 1 I I TA B4 i A K i
AR A RIUIRRDGE AR R B o RIS I IS 300 PAY , PATAE I 80 ) 90 T 28 & R T B A
WA R AB L R LA K BB, TR T AR Gy i A0, L K i i W)
KNG, R EOIVAKAL TR o TR F KRS DL SR AR B, 28 A it /N T i, S B0HTA
KL BT AR ARG, 28 R RT3 S — s R BRI T b g & WA T
BURIZ AR PR T 452 L3 o AR, FE A 7K A v i/ B0 1 2 T APCRS [0 2 A4 RE , i ok 2>
ZE R E SRR TR SR A BN . filan, Jy 1780 2 LR 28 R A0AE (1815 - 18) , )\
B AR TE R d P LA R i RIREE , IR IBR (4 K A T AR R VA K LA B AR T 20 m, 5]
TR R IR T 13% 828 K s> T 4. 5% , AT 6 n 7 29% . K -
B AR LR 2 1 B A k22 i i AN N 7 e R 2R L5 o 2 Y PR s 1 e
PR A o XMy i WA 59 TR BRI AR T 2 U A A, 1E e 5 | e B 97 T
PR R HAN ] b

A FRECH GBI =750 km® , Jf 5047 390 km® 55 2 AH G A I ) 2 -4z 24k 1) e 0 1
— MK AR, S KA R TR IE A 08 2.5 m (1 6 - 1) o & /R FLIBI K
AR A SR R B — 2 (HEAE 20 (20 22 TG 7 U, R 2 iRl 5
T EE R (Beadle, 1981) o M MG 11 S 7R 190 41 HE 42 0 89 1) 475 20 3 O 7™ 5, 4 100 4F
B BR T AE R KRB 22 0 LAE B K AL, LA I )X PSR T3 . PH AR /EAS d
ARAFIR , 11> 0 2 AL R A YA B — A K B, SIRE S5 4 SR IB , HL WK iRk
SR R 317K RE A8 1o b T 25 A% IR USRS W b I Ol B K r U KRR RS AT
AR HEA ST I B 1A ( Beadle ,1981) o

pOR;- it b= Ropridic

B T B PR SR AIMERER CIROK) T 0 Z A, I A7 A5 36 17 B T T IR0 28 PR 22 18] il o 2%
PR AZ AL R P RS ITA (transitional lakes ) AR (wetlands ) o A< (14 L IE JE 86 381 | 5 56
FIRT Y 4 R e 391 R ) 2 M) ) LSR8 ol JR T X AR A 2R 2 . BAREANTAL TR TR A e
SRR i A K D7 SR RAR TR (5 - 18) AHEATTRRA — LR A i, il 2 247
B2 I B R R T Ik R 2 A B AR KR, ELKCH B IR (WRT) 01 o A G 2
A5 2R AR R, A2 /AR DU AR 3% T L JHE AR At R T N 5 B s 2 R A A, il 2R
AR A IR 7K A 00 8 26 5 000 R 0 ek 387, FRAR 4 RS2 AT AR T ( ULIRT 6 — 1, WLERS
13 &) ,{HAEZ) 8 000 47 LI 22 R it ARZC AR IRK W), i L IC B A AR ZER1G 2. M
S, SRS Je e i AN AU BRAE R TT T (P 6 - 1) {HAEE 1 11 000 47 B Hefhig] i 28

@ SIS T T P R AR S AR LT T R IR B AT O P R, AR -SSR
W1, 0 T AR R T KA AR B T RUK T

77




%58 | Kx554E |

D3 T W ERAEARAR Z K AL, W AL 52 3 PR S (Hecky , 1978 ) o FUAE VU IV ) 2 2= N i
FLAYER —RRIRI , EAE 200 ~ 300 4FLUFT I MR KW, (50 BUAE K02 PR i S in , 1
LI BOR B, ( Bradbury 25 ,1981)

T 216 R TRT B 10 73 R K A K T8 AT S I, B R R AG J , ad E RA AY
FAEUEW] T W58 K W W 7 vh A AT sk i — 823 o R, W19 20 2 1 5 SO %
JERTSE NI K RGERIRL: , TTARFTFEIRK SR K RGBS . TEAFIAZEAL T, e 5 &2
BN NS SR RZ IR , AR | T AR AR B2 b A= AR A Y, st Ao 9 28 380 7 A
JRIKW o S T IR EIREBEANK g A A H A RERTIR  BGE , 23 X 8 28 A R 18
ARSI R o IR R A P K ) R R LT A I S0, s e s A
I Bl TARAL A e Y B AT IS

5.7 RiE

TR 2 57 T LM AR 500 km () — R (LS = 17) B 32 B i ™ F 52 m . 20
20 60 AP B G LM A 4 KWK 4 -5) JRMF] 7 1987 4, 1 T REH TR
VW , AT A K 8D T 70% ST 1 L T 40% 1 [ & 41 000 km?, 28 Y
W T 66% KA FRET 13 mg 3PP R B HEASAEIRSE , Al 2] 2000 47 L3170 1w ARk
b 64% ,Z5 s 84% (15 -19, K15 -20)

A GERHER I, 20 fH4 80 ARAR A FEL T /0 W, W 4% =B 4L BN AR fgAR
A . 1960—1987 , [ W5k 1 FK A5 Al B 4 s i AR T —£%, 223K 6. 4 x 10" km®,

IR K G U5 A BB T AR B LR SR SR8 18 1 T I MEPE 5 TR SRl v 6
10 g/L, 8T 1994 4F 1T+ % 34 o/ L, XA AR 2 /K A= A= 9 BB e b ok, LT R A 1Y

1960 1971 1976 2000
RC /g

w

-

M 66900 33 600 24 200
K RIAE 31000 21 000
T IEE 2 600 3 200
FB (] 925 763 374 300 175
FAlME 2719 151
A 21 24
th 10 11 14 27 KBEE £37 6:5~T0
HEE £30 +25

K5 -19 1960—1993 JEiif iy AL (km? ) (AR (km® ) FIERE (%0) 224K L KX 2000 4
T[] (2 Micklin, 1988 ; Micklin, FA A i)
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5.7 | A

[E5 -20 2000 4F a8 H RN L S5 1 BT HE B0ER A0 TE B L 2K L3RR
T8 F 2205 B/ NS — B i = )2 55 o) (JB - H NASA/ Johnson Space Center $24it)

FA 2 T A B 48 000 ¢ 5] T BLAE LT % 20 (IE42 70 4R R, 4380 A fg
S AR R R UHRE 11 ~ 14 g/ L IR, VU4 6 T 03 2B F e  Alladin 45,1993 ,
VRUERLY) IF BN RUREHIGA W T T K P RIBOBU KR I 5% e 880 s e 2 1
2L sh 40 IS 40 B3 sk 45 S48 4 oligohaline ) 47l HC o — 26 iy 1 b ( euryhaline )
PIFRACER, 55 —BE LR AR5 . B WIS A R T8 B A BT 9 = Al 2
IR IR B 3 TR A7 R LM, R B (ELR E A 4 W
RGP TN SUAR R AR R M7 42 K, O EL SR T W0 R T 90% B
YA Y (Aladin ££,1993)

AR B 1 THRINH A 5 T K 69 07 B, 51 £ 95 4 A2
A L SR RS g6 K 9 22 50 00 (e 05 LA 7 20 11428 70 4R 4G s,
S BT Pt R 14 /L I G £ A - SO, B0 T 80 AEAR I, Bhie T
18 &/L B, 5E 4T 5%

R SRR VOR W1, Ik 7 07 P A0 e L 7 e TR A 00 (O
5.8 4). R b ThULIR W T R 0 A K S S 125 S AT B
SO, WA 1927 4ETFI, S5 RIS HE S5 A PRI 31 A SR T M M A fb, 76 0%
B4 T LA R 0 PR 2575 L 5K 2 — ( Aladin 48,1993

IR LT 43 000 ken® F 3 TR B4 A 581, R0 7 W3 R e PR K 2
KT H )EE2E (NaCl 56% , MgS0, 26% ,CaS0, 15% ) 55 (K 5 -20) . it (40 ~
150) x 10° t A K E]FELA 150 000 ~200 000 ki (ki |-, A MUY 55 76 TR I
{0 LT O, R ok I A LK T 3 ~ 8 m, B0l -+ b WAt 3k,
FHIF 58 % 7 HURUBE A SN 0 M0 S K I 70 4 S B 0 AT 38—
MK, o SO L 0 32 30 9 0 94 £ 9 K TR R, T 7 BB 0 93 9 15 ( Golubev,,
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1996) .

H M 20 40 60 AR LI, i TR & v B R HURU R AR RE 5% B8 14 45 K, 4b
IS A KR E  JEEERT E R BT 2R 48 i, e — A b XA I g 2 0 SR T
7 ~10 4% (Mandych,1995) . #1711 T FRATE I e 24 S BIOZ ISR X 24 b A8 B 458 B8 ) ROR %
RCUL 1112 77) |, B 215 AN 4e $h , A& AR 15 B AN €, R AE I A R D9 R R 4 o

TERT IR, BOURE 89 3 RE 45K 3k 2 500 km (3% 38 S04 7K S0UFNFh K 336 19 kB
A1, 4 PR 25 PO AR R S P 3 T G 3 40Tl 7K 5 LA Jai it ( Mickling, 1988 ), H %50 1) 45 ¢ 1 4% 4
PO R A B A AN TR IR K T SR B AR e K (H R T 2 75 3 5 4k 22 LA J3 0
)RR AR, ik ZE R T K R I S S A5 o B R GE FR , 1998 4T (1) Jald g 7K Sk 1T
FUR 41 000 km? , F7 5 1987 AFFEF- (] 5 - 19) fHAZRHIE 1993 4FRRY K, 3 2 Bl H 3 4ok
o o 2t R R O ) ] S 3 ( Kindller, 1998 ) o WUERFRATTHF K 75 R B FRp 2K 5
20 20 80 AEARAYMIRAR It I R R, I FLARR A S5t A T R A5 3R i B R 4k, IR 4
THAE 2015 4F, 0 B A0 PR A5 20K A T e 43 il S i s, 1in LR T AR A
A 9000 km’.,

5.8 EifF

B R REING  JEARINER S KRG S AR (WL 4 -5, B15 -17) , B
(] K E 2 i i K ARG ZK AR . 5 800 AN [m], BT B 7K A7 52 N 2R3 3 19 5% i 5 A
W o ARZ IS A 7K 2 2 o5 HBE A A TEOK 0 3740 B BYBIAZK AL s 7EAR K
FREE T B T RK i AR it it R I B, T3k P47 P S 32 A6 K P ¥ 35 30 i R AR e
KT

2157 20 et 20 4EAUR RN 1977 S0 208 T REZ S5 ,1994 4E B KA B T492.5 m,
I AN T 32 000 km* , {E475 5 1840—1880 fit /K AFE K 7422 1. 5 m( Golubev,1996) ., i
FXF AR HE RO ST M0, T B AR A 3R G 5 i AR 45 4 T 22 ( Rozengurt
il Hedgpeth ,1989) . Z2AF3 , 1 J KB ZE AR 2R ey B FE S B2 1 11 JAE KA K
JUEA/NRKEE T K 1 & R RERE . 235 Bl06F B I P 52 M) 3 262 2 ol A B8 4t 068 1 00 1 B
[ RS, MIFARR 1977 AEHE B RRE , 5 LRI AEHE R = A TR (12% ) .

TEABEK R Z 0, Ak I AE B 28, w2 R A e, AR K R T 0 TR
25 40% o XFPEARXO T AR T K, DARTTE A AR ER 09 AW IRT I = A i 7 DR A IR 7K
FUFIRAK O ZE  IUAE LT RAS RIS A (07 BIAT S 1, B30 A8 a3 0 s IR A T 2
fift o 2 AT B AR KA B A RO S ) R i A A 304 T a2 (Anfek fa
6 Flt HLIRF6 0 ) AR TR ™ 00 o B ifmaxX — BB, JUHAE R Z2 A it 2 e il 0 10 T SR
3, XS X 0 GO B A RIS, JE I 0% A f AAGAE A T hy f e £
FEG 40 B U5 LT i K4

FERR T AR A J LA B T i HE i o ol B AL A Eh N 8 o/ L 3 %11 g/
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| Az |

(8%0 ~ 11%0) ,iX Al BESE A JCHHESN W) 2E W) B B Y BN R . R AL O HESh ) 2
HA EEATANE A EE 0 R0 1) 2Pk IR

RIS 3058 (0 B K PG 528 L K P2 — o, = DURR I 3700 3R AR At (L
9 -4, 5529 55) XL PR K T BRI G0 T 8 ~ 10 i, SRy 180 K, ixX ]
PLEIEZ R IO AR 3R (R 2 i SR 60% ) LSRR 50% Ft . i 7K 2 v ) ik e X
T Y VA AT ISR T AR P, bk st ) T e mT o P ke (DL SRS 21 20) iR Al b
— I, B K S 671 B4 AR B 1) B AL AR R R 9 7 T AR 50% o T RE Y
I/ T R S BOF WA ) B TR 2Ry TR R Sl 5 UL R T A R e R
R AN 2R 2 T i o SR, TR B0k T2, TO 1 S TR A b 73 A ik 2628 1 11 Ji K]
(Kosarev F1 Yablonskaya,1994) ,

TENA K BT B IL 4R 5L, AT 3 — E A i i L i — R0 A2 i
FEF . RERER A K SCHYSZ I AT R B 52 28 B IE , H 20 40 30 AR RISRZ A
T Bl L S0 i R PRS0 T 3P G 2 ER 23 M i Sl A T S A A o 40 IS e Y
TEC @ EF AN T AT Fiaa T, /2 30 4R NTZERRER 1R M i R i
BRSPS, B AT I R 5275 G Y 7K R 8 A V5 1 SR Tt 0 Dy i O , #8027 o 9 AR 2
R, 53— AN AR )2 0 o AR HL i, B RIVE K LAk b TH A0 3% WS 0 [
SRR FEY A BRI BRI TE U (Dumont , 1995) . fe i A7 R I 558 (IK 4R
JE) IR IK AR IR BT e A BT IR BE AT K - B e = s BE Wk 2 I sgm TR J2K 5
BZK B B2 5 NG TE O, A HLIE R 2 /K A Ak 4805 i R B 2 3 mg/L(Ko-
sarev Fll Yablonskaya,1994) , 41 5 i REFIUD] 1% 80 B2 Ak 21 T 935 , I 4 K 29 3] 2006 45, I
R ARG, TR 7K A A2 77 A R R S e, 1 T 1S 0 J2 20080 1 2 108 FRAE 26
DI B EERS (DLEE 1112 15 38) o XFA 58 1R A IITAFR A AT X0, 3641
e 1110 5 rp A TR AR

rEER

o RAMARAABNENR, LB AKERMBTAET EAX EHFEBD
Jit, DA 3k A2 O T O A BB A

o YR B AR AT T K G £ 0B A 1] S 2Rk DL RCVE R A R 1 A T AR
W+ 2EE,

c ANREMRFBHEKEERARE ERR T HRAMLRG KB, MHLHLFET
ARG BN R R AR KA A T K ey R AKAE IR B B AN — A EEBOR R FE 5 R
AKTFRF AP T AREREF TR, EH P E 2R T RLER, KEH AT 5
R E T ER R

o EMAERBW TR HamBMM K EAER, W HIATEMERNFEAE
W (m® - km™ - a™) DURKCT fb B 40 K B 08 AR SR B
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o EARBHEATRETHRENMKX, Ao #8 BHM A2 RAKGK, BAHE
07 R I = T S R Bl & o B 0 e L 2 A L = o RN - & ol @
SR o 4 KB A TE A R SR A (B D BB b IR A a0 T O AR A R
TR 8 2] A A KR R, 3 AU R

© JA1960 £ fp, TN TR B A B RA TR EER, ¥ 22 RE W A#MN
R, A BRENTH2/3, ZERD T 84% , HENREF T3 F2 5, XM AL BRME
Lt A B, AR R AR ZVR A, AR AR E B E B, R R R
—AREBR W E, CE TR O A8 R B AT IR A KR A B BT, KRR i 1R
PR D o QX AT IRBEATE I, T B w15 H w8 5 I %

o EBWHITRA,ENBITR B RAE, 2 KR TR E N R AR, R
BT EMBE T EERED W,

(28R %5% BROT ¥ &% i)
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FE6FE HMHNERSER

6.1 5|F

HBER LA RAR T B TR, W DU R AEE e W | B e B MR E
51, JE BT 200 J7 2 2 000 JTAELAAT (Meybeck,1995) o X 8222 B WIIAIE WL T 10 J7 4R LA
BT, ANEE AR (L2 R 2 X0 AR L4 6 000 ~ 15 000 AFHE A4, BRIV R v 1A s 26 2
X (BRI H X)) IR Z 5 (B 5 - 17) o HE4-24 6 000 4, Y- 1 T i fs g B ok,
FIE LB A AR J) , DRI IHE DR T 3 o AT (40T ol ] AR

M T2 AR LA, B2 A RATHR A WA BT BRI . an vk Ll A iR 50 ) 38
BA Y TSR ARUK ST s RSP DR NV 2R 5, Bl i35 2 b o DT IES JGaRe 2 2l 96 5 S Ry
AL IX, 7R ZE B E S AR A T 55, 18 K IECE M AW 5 107K 28 iz o1 It
DX 25 gy B A T O I, T BER I AT S IR (UL 6.5 719 ) s bk Z= 19, DK i i R 0
{SCERTIN W & 8 T S AN NI AL W e R D 8 P o NN NI & SRR
B L SRR 2 A sl ik

HIAETE

i A MRz S T80, IR b T80 2R dne 2 0 o e D sl ) e U0 R 9 5 L A
BLPIELG o T 305 4 gt i AR /0N LA B B 55 B2 8 0 3 Y R U, 9 4 A S S AT AT LR AR 18
(FE9-9) . W ZRIHIE JE W& A TR PLAE#E 3 T 6 000 m( Scholtz £l Rosendahl , 1988) ,
H A AR , M R & B W T 3/4 (B - B 24 0. 3 mm/a( WLES 20
) o I RIS LU R S S8 A A e B i AT L TR AR R It K P, AT
AIDIBE AR AT IA 3 em/a, G UL 2 40 em/a, BRIHESY V8 2 A A 3] 100 4E 525 1
(0L 9.7 ) o

FESA% Z LB T A — TR 5E 20, A K24 1 000 AFFT TR , sk P9 NS0 BRI 37 7
) AEARK TR , WIETTRE A 2RISR (20 JFOR Y 4 4% ; Pennington,, 1981, 819 - 9)
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AR SER |

26%

PR, U P12 R SRR ST B4 A B e /KT 7 s 30 2 28 i AT 2

DURGHE AR IE T A7 7 ) R, 068 It Sl A TS HIL A AILBORE ) e A A 38 i [
(DLERE 9 BEFNEE 29 7)o TRER 46 HEHBIX I3 A5 A AR 220030 , HUR S0k i B2 22 B vy, R 24K
AR PR 0. 1 ~ 1. 0 mm/a 2 2. 0 mm/a ( JLES 20 &) , X 9 FAT 1 A AR LEK IR 78
FE A3 DX R AR B TS AR TR

AR

WEERARTE 1957 4R RH L5 BRI 1i8 7 ek b IITH A9 32 22600 A b sR
FEEFI S o AW 53 11 A FEAR 76 MRV, S F IR Y Uk #
WARIE SR X702 6 B (K 6 — 1) o ARTEFFRTIX 6 Ff KSR BN T (K ) 47
TEAI B o BT, Timms (1992) WXFITHZE B AR PRI HEAT T8, % 6 -2 FELS - 17 512
T WA R o R R A BRI IE (0. 01 ~0. 1 km®) (5 FH1
N 85% ZeAr (3R 6 — 1) (HARCHE ST RIS B2

6.2 kJIl
SRR T 0. 1 km® AUER KKK 204 3/4 J& Tok)IIA (£ 6 - 1) o ZERRPIFI

F6-1 WAMMRAE.EFHEETHALE( >0.01 km s >1 ha) HAFHERHE
ETRE T2 KEERR (& Meybeck,1995)

JA BRARCRY HEIEE E A% A RT A km® 5 TR 4 %

K| 3 875000 74 1 247 000 50
i 249 000 5 893 000? 35
fiEdE=Eits 41 000 <1 60 000 2
IR 531 000 10 218 000 9
it 1 000 < <1 3000 < <1
oA, 567 000 10 88 000 4
&t 5264 000 ~100 2509 000 100

@ BRI IERME . TR B R/ LU R AL, I (0. 01 ~ 0. 1 km?) BB AR BESE TR o MDA
U AR AR 6 A/ N A I BB, TR T 0. 01 ke FU T B L2494 8. 4 x 108~ , Hir 85% 3 I RLAE
0.01 ~0. 1 km? I ST FALZ) A 2. 8 x 10° km? o WLAMNEA b T A WA /NI (34 -4) .

@ HLHE(374 000 km® ) o ARty i W1 ALY 42%

@ WEERERA Y A 32 A TR SR B A A AT, XU A R By XU , A W R B i 9 4 4 g
7, B R A v T BRI A o T RE R A S VA 2 B R 30T R B B4 2 v R VAR B R ) P A I Y
fifi L= VI B AR K M3 ( Vincent, 1987 ) | [RIAE R i AR AEILB LA
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6.2

A

F6-2 HHRE-AXBSHAFP - LENZMEMERE(FESHRRRELE)

UNAERT(G) < FE 4R 5 (B L 7 [ A0 B M ) 28 A ) 22 i 38 (5% [ A 52 R ), g
W CEIA) , AHE (T ) AR 3i) ( 56 [ BT 2K A N ), R BT CIn =), Bt (G ), 17
TSR (G — ISR IR AR (DL ) , H N TUW) (i — k) 7K Bl (B gt ) 1) SC
W (L), A AT I8 ( S [ B 0T ) ek Y AR (P ), %m0 2y 18 (3 22) , 2 i [ T ]
ARSI 0 KW (R 7)), & SO B (5 13k ), I EL i (ERRE ) , 945 7K FL B (FTARAE )
FUARAEE ) CRPE 22) , 25 SE3R R ORI, ), 15 208 (A i)

HEW (T) HEZFH) (R - HERJEW. - 5 13K) , LRI (g 25 F)) , BT e (36
(), A% TLAERLI G, V] (UK Ey ) , BTFEE ) (MR ZEMR L) HE(RII [ V] (9 IETS - WIZR) , D4
WS - SER v - R ) I SR g i (A il - e - FLOVR - L) 35
IR IRIEAW [ G (55F22) , AR (HH) , DUBNZRT (AR 0, A 2 ZR ) (35 75 A
) 528 (b ) L SEHE (LLEF - 29 BD) | SCT CBROKANE ) |, Je b I [V ] Ce i
J) , LR PE W) (Z= A ERAL) , RERHT(SE )

R (C) - PG EHEW] (REAR) L P53 LR QROCHINE ) |, At 2= SR RE ) (&) , ZEhi gl e ) ( 5€
FE) Bl EE3 CRMRrad L) |, 2 BL 37 30 I8 ( Sz B %) , 28080 (2R [ , 3 R R 380 (B ) , 28 2K K 3 0 il
(SRVHERF) , WA A (ELPE) , 75 LI ( LD 52 10 ), BTq 2 P ) ( A )

TR (F) <327 Cr ) 28 R (b ), o080 (b ) 3 R0 (ORIAT 28 ) , Zh 7 AR L i)
(HLOVR) , e 4zl (SR 1)) , 4L (R K , BRI (R )

KITEW (V) SRR (SEE) BT (A D) 2582 W (S ), B4R (UK E) , B e Rl (e
SR ) B A 2] (S TR0 7 PG A v 8 (R 3 2R el 1) (P 1), A 24 Je 180
(5FI8)  HZ AW (RIEMILTE) , 2 ) (BN JE VU ) , Fu B ) [ T ) (CHEARE2) , B4 1 (
A JERRIT (Mg A2 R ) Bl [ T ] CRroe %) , i 773 CRORAIAE )

HEW SR GERE) I EGWILT] (PR - B hi k) , BEL SR (PUBE) | 35 )
IR RIRHE ) , 20 7% b DX T P4 22 ), v i DT (MR 07 ), DRl (SE ], B s v ) , 6 % L3k
SR e S NSNS D

JESEYH 40°N LUAE KO3 60°N LAFLHHIX , A7 AT B /KR, 33 28/ N R AR K1 TR
Bl bR 132 B B R ARG , e — L35 IR A R UL 6 -2

14> 20 000 AFZ 7K 132 B B4 St B 31 , S5l 8 9K )1z 22 7 A 5 M XA 39 B 22 vk
ST IR DX ) B e 8 IR B FL R YA (Varsovian) DRI, i[RI G~ Bk vk 1112 3, 2Bk ok
NIEHTR X IR 5 1 R AR 174 (WL S - 17) , H Tk 2 & 2125 10% .
T it T RRAR DN, DR o T R T80 9 T S ) 552 i B Sk =5 P A U~ BR 7 R~ 2K
W TERSSE( >36°8) B EhJE M0 &5 R YN i 9 e B B 74 22 0 5 0 , (S0 — /N o
WIVARL T R BE A AR A DX

HIRZEE
L) R Wt BN s3] RUE I3 71 7R 9 R i I S 8 I R T D O 8 S R~ R E [
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26%

AR SER |

AR A R B WA .

DRBEIE R WITA (28281 1) R J2/INW, 322800 A 76 B B AR g 2= ok B o X0
AR U] (ST VKA ) (proglacial lakes ) , 38 % ik T VKR IR i 4 2E K 4K
SR RITTRIA AR S P VA B | = NN Y N S LD P S SNk ST ME M TR AL B o
350 000 km® , Je KK TR 200 m o PR A4 1 AL A5 75H BT o 7 900 4090 B A ok sl FE A W A5 4
TEVA FE AL T ILT4F (8 000 ~ 12 000 4FLLHT) Z ), 404 2 22 8 110, {5k B — L
/N IR JEAR (24 500 km®) SR H AP g — A~

RPN T HEIHZ ik 2 , g A0 ) T sl 7 HUR iz g . 7Ex it v, ok
Nz S pof e E LA (R 2) o it — IR OKI A AU , UK 1HEE 45 30— U H
S, e BB T AN AR A A Sk AR BORLZ , Aok B . 29188k 1 k)1 ok Rz 1) ) o
FEK B R 2EAT 20 e, i BEAR O DK 5T ( glacial drift) o DK™ MBI RS £ 24
JH S BIIR A W), X S A REE S W vk 1 [ HRG2 TR ) HEA SR okt 2 AE BRI A= 1)/ 4k
FAERR KA, B S HLBR & U T B e L

A5 Je — U UKV AR 6], DD B3 v T SR (8 R BR R A okt 499 781 i, 3 4 DR il
R, W B R KA BRI ] (kettle lake ) SEatE 7 CIRIMTBE I (2678 3) AT TAR X5 TR HL I
TS/ IN o 1M1 T80 -5 D T R J8 80 AN LD e 7 39 23— e, 0313 1 A8 S AN RROIE. 1 K
UKD AP I 00 T IR A T 4 VB IR R I I WA A = B

FEAL SRR A 7€ A G DX CORECRAE A AL TTARIX) | A7 A8 KB K P I8 (ice-scour
lake) (274 2) o XA DI DRI T AR B A 1 e 4 /D B okt 282 22 9, k)1 it )
b b AT AR BRI 200 A, 7 A R K I L, A I L) 4 E 22 T 78 B W T i
HIHEH (Meybeck ,1995) o I8 BT £ (9 L P 29 IR L H A 7 22, WKk 1 T35
Fr MG Z HEK X, X SE S AR A ) T I A I B R, TR AHA (L i A L
TR P AR O (B EFRBTRY ) K 1K AR K (ILER 8 ) .

VKR 1) B A% Bl 28 1 5 A AR X A At vy RE AR F) LA I, Az b A R 2 0K
B 4 TARAZ VI, DR PO ) B RS 3 AR SR AL IO AE 5 18 AR R 2 1L A5 s 0 RR
TREY) 5, BIE T I 2841 (end morains ) o PUBULE L1141 2 B DKASTRR A oK1 £ 4
(lateral morains ) , M A7 £ A 1 SCURIRIA , T A2 55 Ah—LE31A (K8 2,16 - 1) . 1L
A% P 3z Sl AR SRR I SR 300, DA 7 A K T S5 6 A9 30 s X, Qnsgi v =2
IR R BTHRAE /R 70 BT 22 A 22 PG L B b R AR A 2N B B kAL e
AR NSRS HE A8 AR S W pa L SR e WA SEMA AR T X Fh e AL, AR jx st
WITATE L AR A T K rh A 45 2 BOR B 2L A9

© AR W —ANJCEE A AYIIIA , HOK AR K (14 000 km®, Z,,, =500 m, fi 37K 38 e it i) 24
k50 000 4F ), 52 KWW/ NFIE , (7 F R VK5 4 000 m LU T, 9K H b B3 R Wt Eoim . 3R 374 52 190
Z/EA 200 JTAER DI, FE A AT RELL R 4 000 J3 A F 1 R MoK 8 Bk o T Y 1B kA T R AR
PSRBT, PR e 08 AL A P R 2 1) WK P BSOS P HILAA , s AT ALK A TR B R il vk 35 LR &2 X
FETET 50 J54F (Kapitsa 25,1996 |
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6.3 | 3

B 6 -1 2T G IR YR W V#5385 ok 1) 3 8% 2 ( Baldegg ) k1138
(15000 FELART) , S5 1A 470 b b2 5% ( Stadelmann , Butscher #1 Buergi, 1977)

TEPR DK TR ik T P 422 55 TR E AR i 2 b A — 57 LL 2% ToL 0 9, | v Ll ok 1A
R AT o DKV R T 2 A S H JEE R T Ui el [T 5 1) 94 7 AR e 7 A FH 6T o b AR 7 7425
T, TR BB TE A, e 2477 A /N 1B 4 A2 T oKk = BLA T, BR M UK 2E 8 ( cirque lakes) o
TXPEIAE S LA v LK AR D Gn By (%) BT 2R B 40 1 B8k L 35 5 A L ik LB v
= R YN AL S T Ll bk (b SE YN Y I R LU BK AN RS ST E R

ACSEI A 57 18 Z2 I (IR EERN R 3 ORI AR A W8 P R I8 22 Rl ) o 2l
VKV RN 2Bt FE AR 9 1 11 LU A HE BRI 8o 4 1 S RT3 v 2 78 vk i) = 0 9 B
HLRG Lz #i46TE T 249 200 m J5 45 5[ 594 1T (isostatic uplift) , 31X — #4383 f& — ELHpEE
FNIAE | o XA~ BTy 5000 AFEFT 2 05 H 7 IUAE A It F RIS 7K T 18 FR ( Hough 1958
Fulton 1 Andrews,1987)

FERRO KB AN SE PN AL AR X0 2 T 5 i (e ) , R & R 2 Z i B b,
EAVER TR R 7RZ) KR Z 0T8N, 2K S 2458 5] 17 1 4 (Hob-
bie,1984) , FeZ¢ 53X 6K (X <0.5 ~ 1 m) (2 33T% 3 (polygon ponds ) & i — K214
ZHIEM, EARNE 10 ~50 m(& 6 -2) . 7EH 20 127Kk LRk e X 2o i gl 45 5
TE—i , B B M IE B K 8 R ( thaw lakes ) .

6.3 #13iEiH

(o M R AT S B 3t RSl i T 28 AR 1) ) Bk R A 3 7 (tectonic forces ) , iR fE /1
£ 3t DX I Y #3000 PG g 0 AR W AR T 22 265 30 1L bk 558 ) Ay i ) i R, DRI b A /0 ok i
HHBAEIEAH AT A 7K o R 2 BRI 3 19 AR AQAR 28, (L 0K & B 37F 22 030 ) 4, 2 0T
2000 ~ 10000 4 , i1 T2 F PSR BRI B, 3 SEIA 5 e AN WTAZ TRFTIN5E .

S S U)Kk A i A BCREAR D (L3R 6 — 1) EAIERRIA AR N RO T
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WERR B S E R

#6%

P 6 -2 Sl By 0 i 2 287 B A B A 8 32 1 S ) 22 i (BEOR £ . Kalff 42410

TREF T ICsRe DUZRII(18% ) FIBHIE R MR (14% ) filf/ACHE 5 B BRI R 32% .
DU ZR W) CH 5 DL S — 17 ) FAR AR R 3 590 52 - B Ll 45 01 e A4 3 o 3l 7™ £ 119

Mo % (grabens) H1 (181 6 =3) o ARMRIILL TR PIAZ B AL, K2 800 km, 5§ 75 km

(K6 =4) o XL AT Tttt — LB tH S0 , >4 ek ol M DRI J2= 2 S0 A0 98 8 30 ¢ 4

(a)

(bl

(e

K63 HiFMIRIE L (a) WHZIE AT A AT )2 5 () XEFRH LA 5
() RHWTZHEZEH S]] (fK Cole,1983)
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6.3

Mot |

ANTTIEGRTET 1000 ~2 000 m, Herb Pyl 2 i B B 1 IS0 AL 160 399 74 R T0 3, A 1
HEZ MW (K 6-4),

EVAE i

o kil
&
) e————— 500 km | i

Bl6 -4 ARPHATRPGH X R T AN KRR B e P S HRUR R 48 (2 A Beadle, 1981)

RILERI AR 22 30 100 SR AR RO A & A I LRy . g (DLIET S - 17)
2 SR B RN 75% , 75 HoEr it (14> 12000000 ~20000000 4R LI KIE iU ] , e
WL , QBT BB RLEE AR K 18] R DTRE I M 2 XA BRI S AR 4 1 R IR T iRt i 26
YIRD AEBA i O, BRI A AR 5.7 M1 S.8 W B A S, B R W ) (R

© TERSE—WUNIHIR BRI (29 17000 4ER) , IR 2802 — D EOKI, HCIb A2 Bk 35 i il Ak ok
Un A L (R K ) AR HE AR TS 25 88 AR — B AL R Kk o BT A i3 84 22 L 3 28 /0 1559 4EHR 2R
K, HEE K de 2 HE A BLIE (Meybeck ,1995)
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26%

AR SER |

B - PORIHETE ) 2 TS 18K (8 030 km™ ) f 5 ¥R (249 3 800 m ) 1T, 2 22 55 39T LLUBKOR 1
A3 Pl — AT A L A PR R T A

TR g 78 SO 1 DX, DALl B I A T LA R 245 P K R 80, 4 SR
AN . 24 Hh B AR — 18 X AR IR, 35 A A 2 DR oy el R e, Herp R
1 AR AR R EIT 100 000 km* o SR, Bcisk e 2 (1444 1 6. 91 4340 16 o I 39 1A i 5 D5
DX, B W R B vl Sty AN TR o S5 A, 7R IR RO R it 56 1 74 e P BIE S AR AR R
RN P T L B i 5 22 530 L ik X s A — S o B £Ri9 X, AHAL o A R 10—, 3
SEIITA A9 F BRI AR B AR /N T A TR R AR A = (UL S 55) .

HAMEEEW (WL S - 17) LT 2500000 4FHT, S A T80 T 59 2 IRk IR
Z—o PHEEFNMEETWHIKER 68 m AREIEREE T K2 1400 m PRV, X &
SSHERT AT, B T WA A0 D s A g s e B SRR, B E W R K TR AE R Yy
70 JTAEFE A E] H AT A9 K (Horie, 1984) o B2 520k X HoAth ) ot 22 91 7A BEAT 1 AR LF
FE, QAR AR (4 HELIES JE W ) A DL /i3, He b TR IS AL sk 1 i 25 LA T3 4R B3I 1
A7 SR I AR AL A R

6.4 EiE#H

H T 1T £ 6000 AFir BV A Rl e A R >R, DRI e T T80 1S 2 i 1 A B i)
T T VDS SV U AR BCIR T R B IR KIS 2 8] 3 ZE T B0 , 40 28 57 48 307 K3
PRI o T R U R A TTRR ) 38 3 i 1 Vi 12 il 1 2k (MDA, #5492
DUBUR R T G2 L) ( embayment lakes ) , 15" A A VD MU Bl KR B0 IR it 23 28 ) A
JR PSR o — LT RE I 2 DR TR A AT 7K st K A e T AR IR, (H K 22 20 i 1 47
SRIBRIIK 3K 2 Fh T 10 A AU 18] B 7 7 38 S 8, o 5 R K UL R AR/ N, B AN s
T A IEA o ARWIA R B TR & AR BRI LT B2 T
WK S R R K AE T R (LA 1L ) o R T A7 il 28 A rh, A 5 45
(drowned-valley lakes ) [ ¥] Z J& i1 IF0 T o 2 BT A , AL IURE ) 8 8 TR 3l 91 i
BEAA0 R 1A B s A W

6.5 AR

Mok TAT R AL (fluvial lakes) , BT 2 A fEREF BEHIIX . P2 I
AT A U TR A 9 2 e R AN T BB AT Wl o A BB W] (oxbow lakes)
SEAA] I T A — T, 25544 B8 2 A R A S 2 B W) ( billabongs ) | BV A [ 3 X
A= HET , BN TR R E A 1) R B9 Iz S D R TR Y R TR R A T e v
DURR, FEIAT S U T 7K 0 B I DRI el 7= A AR i (P 6 =5 ) o i v 5873 DURR LW
JEAT 7KIE , EL WIS 2530 [R50 7 1) i B DR I 7 14 i S04 e e 2 3 N, 97 ) SAT S s T A8 1
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6.5

Ve A

2L EDLIS BT WI S i S = e ey N R VNI [V = B WAk DS B ) S ]

A -.'unif:f/
iz

b}
K16 -5 ik 1 J502s i XA & P [ (a) Aie BRI ol X Bl ) A2 A B
(b)) FpIaT g S50AR A E 4 I W I HE RGBT AR T A A B8 380 . ] (4 Timms, 19925 Allan, 1995 )

B R DL T ) 2 45 18 ( block-valley lakes ) , S ] Jii it 28 4 ik A A EHLAH X
ZE R UEZ VSR B o A — A O TR SO0 A9 LU A, 22 T2 9eT 38 e YT RR B S il 1) R
JEEPRAT 33 S S 3 agh 2 4 2 DA TR B IEIA , 3 2SI B M D AR A A 2 /DN 17T ( Timms,
1992)

S =R Tl G AR K JE B TR A B K N i — A W (internal deltas ) X 35, BV
B H AR /N IX W R BRI A B K R s HE T T
CEEuN v o A WNE <8 5 dy RS ] o va 1 £ i S I e = N i I R VAR e A
SRR (WLELS - 17) 78T 522155 BB WIA m AL R 2 500 km® | 200 235 K
F]#5 11 000 km®,

S5 DU ] IR BT K B PR B sl T T — A, an S AR JE H 2RI, BE 38 A9 WE H A
TA] R G SR SN (] 6 — 6) FA XA o WK I AL T e (A5 K A S 1 375 i
Yy SRR ) S5 DN TRT 2 24 IR R, R A P K AR, =, IS =25 5, KB TR IR
R R R ACIIARIE B T o 76 ELVY X 2l VA5 i 5 A k92 72 I ()] 3 T it ) 3891
BEFR A FLIR PR (varzea lakes) o 6T~ 52 245 3 43 5 4 38 118 A9 070, B T3k /K B B
AR B R IR 4 FVE K AT B B A A 1) ki AT ) %) R At , (A5 7K AR 25 ) AR A i A (IR
i) SR B (ARACE) (TLAE 15 25 Junk F1 Weber, 1996) . 76 X B 5 26 B &5 10k
FONR M A TR 2 I, TT U BV SR o e AR S R AR, B B AL R, M i 15 fa 2
KELFOET, ST SR B YN ZE 1

S TR Y (R RT BGIEE BT TRT A, G S UM %) LR I Tl 0 B e 2 A i 7 22 36T,
by AT B AT I S D i % 22 8] 5 R 08 A DR AR b, DR 2R R KO B I
LRV )t R b 5 20 ~ 30 km , K2 1100 ki, 7E7K (57 AR AR i 1 32 1 S 0 R vl 3
TE 2 KA 25 Ay R AT 00 o MK N BEREMIR TR R KA 2 ~3 m B, ax gk
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=3

6% | WnmERSER |

AR L BT B DAL B IITE (b 2 T Rk 25 ) LS ATS AR 5 S T T A 3 Y
Kb o

pY . mEHERS

Al AR
b
—Eﬁﬁiiﬂﬂ ;Lm;f:ﬂ,-f

WIRHER g
T

e e |
]

» +‘;‘ ¥ -':

Nyl 1

R M

50 km F Ry, L
i Hh

K16 -6 ARARALIYIE], RS LR Sh R AT IR AL TRIG T 5 AR A A Rl = A i (181 PP
T E R AMESEZ - RWIH o TEASU RIS, X Se WA SR 20 B . ) (Welcomme, 1985)

A ERIITE], 25 = Y0 SRR AR TSR T R SR E SR B K
ORI AR PRIURR R R, 7E 832 S SR T ™ A2 45 B (levées) o HKIITA I8 JETH 7
(backswamps ) SUTE 8 T X S5 2 RS2 S I i 2 Z 6] (1 6 = 7) o B RETR PRI J2 2245
ETE B BT A AR A R B K A R P B =t (ISR 24 55) o

FIE TR Wiitis T H .

— — e —

i IRET R i N

L
)

K6-7 JJJ%Q%'JE[’@]EFTIETE'HTL {"Jf;%(tﬁ?jn;zjtid?a 2% E’Mﬁﬁ,‘iﬂ?ﬁ?ﬁétﬂ?ﬂ%ﬁtﬂ‘@i
AN A BAREEZ SR R o B R T R RO O iz I ) (BA
Allan,1995)
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6.5

T |

H TR BRAR R , T Ok 178 R W A5 3 AR AR IR, OF H 1—6 J iRt /K i A]
4 L SR SR A T BEBUE IR 0T, A U DRI I8 VR R B0 A 7 AR AR s (UL 1718
FIER 26 55) .

Tty B R 45 R R A A DR S AR BT = A U ) R I P, B R SRR
P PEREAR B TOHLMLRE ORI A KRR A WU 45, AR R B B 35 i Z= R A R
NERZE S (ULER 13 55) o foiltn, BRI ( L2V ph T 4R 537 S PR AHIE , 3245k KA
PR [ RS EME R E IR , PRI REL) 52 B 047 AL A8 A RFAIE ( Huszar FT Reynolds,1997) .

— LU AR R KL ZE T S AR A I, BRI T B B R TR K S T A 78
T = B AR TR AN FE o 25 29T T 30 D/ T ZACRIAS 3t i AT 7 6 T ol K A
AP B AN 22 M TR oM A1 SN T B 7R S AN IX, 32 S I A AT AR X 5 Y
AR W DX T A L (CA LA <20) 78 522 AM, WK AL il o kA B 28 AR e (L2
9 F) . XIAWITARN T2 F LT K 25 Ml 7K A B AT K (Forsberg 45,1988 ) o i ]
TF A B igp A FH AT AR mh 38 R 0y T ) b B KR B i ( RS0 Ay, LSRG 17 3) L
LN K AR A2 (9 it A (Forsberg 45, 1988 ) , i 45191 198 FR KV ik — P Blcds . M,
CA: LA REGWINA , th st m AR, RIS 7 ER K AL, AT R AT 58 12 i K RN 45, AT i A5
WA B KAL o5 EEAL . 7652, A Bz R K B A~ i R 2 I 2k
A o BEAT, HFARE T R RS L A Bl i o, e A A LB 2 I R T

FEFP A REL X, F2 22 P BETA — 38 2R e N O S el A5 I T Al DX RS A
T X R AR TR BIAA K E . RIS s & S AR/ i itz
W IR R GER AL TR IR S Y , A B, 72 B Ry g NP 50, K P2 il 1t (6 6 - 3)
I B 18 A R ARL B 2 MR AE S W HE R O U (22 BT ) R S U (25 74 14 LT ) 4T
U P B A AR 22 Pz 1 I, AR A0 4 SR Il 2 T ) s e 2 0 749Dt i 038 3 6 58 J L
SEATH A o MR AR YN LG SE M A~ T 523t X (DLEF 8,24 29 &) , KA
{195 | L HE It L SR At P ST B L s A i >

®6-3 FEHZTEFEMPMEMAMER km’ (£:ND RRAHE,)

K L HHZ IR KM (A
Je H R P (k) =Sl () 20 000" 3900%
g e S| PG =0 (A 2E FLam) 17 000 3100
SIS Pl E A=A PIRE = At AR (FL 11800 6 600
PHR)
e POl =l SRR (i) 31800 16 300

D B L T A AR 2 K T K B U (VRIE — M 0.5 ~ 3.5 m) | AA R fi ik
OB AL, AT R HL R T A AR RS , 19 2 P B X, 50 R 043 , 0 LA 24K
FERMRLTIBIZ0 1.1 x 107 ha, TR RS 1 4R 60K K A HEBRIA X B9 3 HIRERE (Whitton %5 ,1988) .
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$6Z | WANERSER
Kbk T pEispa BRI KA HEER
JEAE AT S G R R MR =AU ORI L HE) 20 000% 5000
JECTA]
ARSI R AU (E ) 93 000% 14000
AL K FLIRTL e =AU (i) 31000% ND
i /AT) P i = Ao () 53 000% 4000
B SRR R =M (EDEJEVEIE) 500 000? ND
W 22 SEIEHE R U2 PR (B B R 5000% ND
L EZHJ’r - BIg=E TR = AR A CnER) 2600" ND
M
A& IR T] PRI Bty = £ W (CRHE L) 20 000 3300
[IESEE AT Mg = AU CRHE LR ) 5300 ND
R TR = AU (Z N ERRL) 5000 ND
DIAZE N PR = () 50 000 ND
[ AN} TR =AU (ETE) 25 000 ND
S G I = 9 (D) 70 000 ND
W HE RS M RS LLIE B NRRRD) 20000 ND
(e PG = #f Y1 “ Gran Pantanal” (5 F]  ~90 000 11 000
R AN NN RE i)
(e $T) FETE S L J (BT ARAE | 2P 20 000 ND
SEVE!

@ eI JUAF i T AR R S8 1 A T S R U kAT T B el
@ AR FE i R0 K R IR 1) 52 384 K

@) FEGEI P F i A0 it s R R 2 S

@ A B Srin 305 A8 S — R G ek

FERRIE . 2§ Welcomme 1985,

6.6 AKLLO#

AL R AR K L B T A VA S R A R T . kil
FIA 3 Bl S —FR2 N YISO Sl o B 2 R IR R . 28 R RS O
W magma) 5T K EARSCA K AT R TR IEZ R, s ZEWA m AR (AR
2959 2 km) , R ARGUAR N (0 ORI . HUBR A B TN AR KO T, BT 4
BRPTAT KB EARAT 0 A5 (L3 6 - 2) , Hop DIAE Y & 3k — FLPHR 21 5 (Melack, 1978 )
A I X H A2 (89 ) AYHETE W] (cone lakes) e 544 (16 = 3) s 500 FE H AR
g A2 AR AR A B nDOL A K U (LI 11 = 17) o —SE33A 067 T L2 (4 HEJE K 1
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|6.7 | s

1R , AR B A 1) L TG00 phy T4 il A AR AR ARAEG , DA ISk SE 38031 4l P ARAS
B, A SRR AR DX (11 6 — 8) i [l BRL A it I L2 R B8 A vh Ry Ll il 2 =
T L T B RS, J2 R T2 0 R 14 4 7 4 3 i 358 T T B o 3K 8 4 3 i 358 T 1 F) 4
BRI E L E (calderas ), 758 18 A9 U 264 T AU T B K ) ( calderas lakes )
& R DX (3 5 TR T2 6 600 AET, WA 2 FE , i 54 km” , JR KK I 589 m
(JLIE 8 15,364 =5) o BV 2B P2 — R A Rl 8, TR 610 km® L fHLR K
IR 159 m, Ll 48 2R 3 Ty g — 2D B o FEATLI (I S RTI 2R 5 SR Ak ) 2 ey
T IR EE M 1 LU A5 B S TR 1A, W 23 TR 2 220 km® | e KUK IR 480 m,

B 6 -8 fEERIERHLIX AT Al O« VDR B S 9N A8 T R 1)
( W& Fr 1 LMZ RP/Bruno Fischer #{1t)

6.7 ERMSIEHTE

TR B TR — BN A T R R AR A A (R A O BRI B M BR R B )
PRAE 2 ST O PR 19 — SRR 15 R R 45 ™ A B R, (o /K R 2 5 TR
P, A0 DA AT IX K A Ml IR A i (UL 14 25) o HiRINE T RDE , E BHRHIE 20K
T YEARBE XSGR L (B R/ PR AR UL 7.4 799) o W S0 T80 R ) 7 R 2
IR AR UL, e R BT 2R SR L DY PR AR ST S P 1 R R X B g M |
ANV INFNGH 2 M, LA SRR T B B 30 B JE S ARAT K B TR 2K I (R Rk, B
IR ELJE V. ) Bt 3 DB 2 ) AR AL R B A, J2 4 BROK I (> 500 km?® , Herdendorf ,1982) FiifE—
FR e 8
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HRRNERSFER

26%

6.8 ANI#BHSKE

VLA ZE UK, 2 BRoK PG TGEE N, P SR IGE I 15 m S K R 200\ 1950 48
f1 5 000 M HNE] 1986 414 36 562 /> ( World Resource,1992) , i S 7K JFEth 64% £,
21% FE 3N 12% FERRIN . 1986 45 HE 18 14 7K 6 (4= Bk /K 22 A et 14 i 1) 40 000 4>, 2 1950
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