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RE  RIEKNRTHEER, T AEBIEKEE GERAN) SRS MK &KL ZE
WMEBXR, Bt T HEBHTKEFEITAEESR, ARENHRSKRER KB xR
AT TGI8, S8 R MR T AR B 450 T R e BRI (7 200-6 000aB.P.) W & M F 7K L E
EEKEFH SRTAELHMRCBREN FEWREWHEK ZEAEREANRNEY
32%, 13% M 67%. BB H i X AR Mok i 58 o 80 2= XUhn 58 {8 18 it IR ) K Bl 32
SEAM LA BREARE. 4705 5% B oK ADR E BIRE WK KIESE A IHT LA B
HHRRERES.

Xgin  ASFHREREH MAKETE RETHE

ML AC SR ok E B E N AR, K XS E RSB I L & IR b —
. BT EHIAE A B8 S KE e, KB WS B Oh T B, HoK A AR b R % X
T BRI F AR FE R ] (RHE XU, 1991), B 2 B G T i B K 5y )1 A2 0 B9 B 3
. BlandE W I 7213 8] (Kutzbach, 1980) A1 4 # 4E 91 A9 18381 (Hasterrath et al., 1983), B
) Rajasthan 7 #] 2 (Swain et al., 1983) 1 3% E &, 7§ 3B #) — & ¥ & (Winkler et al.,
1986) #F & L R At YAt R K B, EXE THERRRTHAERKE, AHENRRS
IR KR FERERT. FEPERERAMBIN, E— N HME, i 2 EREK
B (AR, 1992) . MR AERE. il (FLIB R %5, 1990) . BRI K Gk Z E %, 1989) ., #i5R
SR (ERRE, 1992; FRiE %, 1990; REB%, 1990; BRA B, 1991) % HHI 5,
iz E N R T L 0 i RS SR, T 8 & B AT S e A & % 5 K SR R T Rk
A ST A ARG K AL AR GRE RN SBHE K RELEZ RN ERXR, AKX
PO B T R RE B IR K BT .
1 i A A IR

HHEW N — ARG A, K Bl Sk AT BRI 38 T A 29 69 1km s R E A A
4 527k’ (FRME S HIE), HWBERM 15.2%. SRS KB s EEa A
B FRER ETEMAERUMR RBEREN, 5E5 T ESAEML. BIEDE
KR ARACER. 2T IRAN A BB IE T SR AT 40 A 4%, b 4 ok & B0 AT Bk M TR T DA

*EHEAAMEESEIWE, 492010055 . A5, B, B4 T19634E28, L, BT A.
Wk B3R 19934F3A8H, B H. 1993458 H4H,
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AW HERWER, FRRELEKTRY S5 LB —E, 75 WHAFDREK
N KR KR SRR RANMA R 0.3%., BAMEHA LK, FEH—-ELT

1 BRSO ABIESE EHZH (X, 1991), B xf

Tab.l Physical geographical characteristics of the Qinghai 1958—1986 4 |8] & ifg # 0y K &

Lake drainage basin IR R, TEMFES SIRKE

i H BLERK  REEEK WX 467 x 10°m®, # X4 T4EH T %

WHEEE Z(m)  >3600 3 195-3 600 3195 10.5cm. THHES AKIE &R K
EH Akm?) 18 525 6639 4527 e 1 _

FEBE a%%) 62.4 v94 159 FFEIL N 0.88 x 10°m’, & EE TR

EHSRT, (C ) 531 -1.41 -0.65 B0z — (FA®RE, 1992).

HIRES® n 0.65 0.6 0.65 MR LAE th, 51 H mim KAz

HAARE £ 0.59 0.54 0.55

TREERSBETRIOLR, HA
RHFRFAE AL 1.

fKE P(mm) 399.6 394.6 395.8

2 KBEEHREMIET
HFHMMEN, KEXHMNER T, MKBERAFEIFEKEERBAERHE
o KPPHEERIERET X, BOBFBHRES E T T BEHRA R X,
HHEBRRERHIH aa,a,, a0, EEN KB E (BEHX), HHREWSOR:
R—F+ S=H+ LE (1)
K, RAKHEES: FAME AR S LM 0B LEABERG RWITTE
K (i, 1986)

R=R(l1 —a)(4+ B(1 —n)) 2
XF,RABRELATHERIENH:n N2 BERR A BHELREAY. FERAEATHR
R K LI A K (FEFE, 1988):

F=060(T'-T(A+B*n+C-+e)) 3)
A, o4 Stenfan—Boltzman # ¥ SH W E; 7., THMBMIIE; e AKKE; 4, B, C
HEBARE, LEHAE SRR ERM . B B S A B (B), #/R ABLE,
RA (1) KX EBR15

R—-F+S 1 ,
" T1+8 L @
R, BT F, BT LA U S ERH AR EEERE SMHE, IR T LR (B
T, 1984).
(173— o )B
B =4 &)
6’0

o, o, A AR I B /A M A 0 R B B T T A B K D, 0, 0 40 51040 36 B M
Bk, (5) AR M EE A R B KIS %,
,-T P
er‘:j:ﬂ(jﬁ: B = ‘)/esj 10 000 (6)
R, PR A RS 0 4 B0 K T IR BE F IR AU 55 32 BR K PR A L A
(1)— (6) 2 B AT+ Y6 PR I B, 1 28 B, ST AT, BG4V B P S92 A ()
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E=FEa +Ea + -+ Ea, N
3t PRI, AT KA FHE 5 2B R K BRI KRR
AH=(P—-E)/a, (®)

Kb, AH NFE WKL A P, E 5 5 02 BT K B RAF R B o 99 H B
H,

(8) AT LA BB AL
P = AHa, + E 9)
WA AR BIAH = 0, T (9) &AL K
P=E (10)
SRR R E, TR WK R T AR R R O
O = (E,— P)4, )

b, 4 0B E B E 0T 28 K HALRF 5 B LR,

U ERCh &K RPEERNEAMR., ZAEBEEHATE RENMREEL
&, FACA K E PR BIR R R FE K AR IR
3 HREMBIE

RARIERRAFEBHELHESRREN T HMHEU LK. R RERNZETLY
EXRITESARKH, BB T RERE, 2R 0 =K, W5 LR, ff e g
MK, BENXBHEASEINE | . oh, BRAREN, (LS SR & 13 75
EHERRGERES. LRSS AERZEBANE EREIMNEBWELRR(LE
2). BERXIBERLBMPCEHBER LR N 417mm. AL, F B 30 4E ], Bk F
HTHEL 10.5em, Bl AH = — 105, A (9) RENG 2 M B F K E K 401mm, 5278
SEBR T R K B R BT, LI AR R BB B E R,

R2 BENREHELZR (mm)ITELER

Tab.2 Calculated evaporation and evaportranspiration of the Qinghai Lake drainage basin

A 1 2 3 4 5 6 7 8 9 10 11 12 HEE
BMILEMHX 0.1 37 13.0 30.5 468 616 670 621 329 9.2 1.0 -24 3254
MEEFERX —0.7 2.7 118 264 395 527 597 560 278 8.3 00 27 2814

i X -27 0.8 54 1364 1564 1814 1862 1742 1029 60.7 42 -50 9926

4 ZHHLCRFEBNRETR S KBRS IREHE
FRPELFHETHWBEA UL KM TR THEPGEL N EERTE A BREE,
1990; AL T3 %k %, 1989; Wang et al.,, 1991). HFFE4 7 500—3 500 a B.P. & # M KL
HERRB R, WIE P B R B B BT AL 4R 512 6 000—7 200 a B.P. 242 37t BE 18 HH B, IRFR
A ERIEH BLGEMEXF,1992). MEBEMEANSE MHESHETEIAREELR, {4
TN EFHRERS R IC, LZ5EH 7—8C, ESKRE 2C L. MMEHBKA
BT Rt BRACH I 65 B B, 0054 1 05 S A B 00, A 24 I K A3 2 B B T B4R 45m
EA". BEFGEKSCHBKAEBZ R KR E RS (Picea purpurea) BA,

1) M TE S0 B YA th R RSO .
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ZMCIMAERIEA 6245 + 180a B.P. (FEHEX, 1991), FEFAFREBEBH K. HBZH
EHFENXEL4SS, MESLEHFBEAETHSERUNMBERX, £KEE 3000—
3800mbl b, 5HEHNM A MG HAAY, EHNRKBEALEFEPRE 3—4C, BKEX
600mm YA b, 8 Yt S AEH JLFAe M 4 NS )R,

%3 EHPLTHHIRETY

Tab.3 Changes in the paleo—environment of Qinghai Lake during the Holocene

R @B.P) TR RRAE SURFHE W A X E (m) WERA K (km’)
10 000—8 000 HAER b 100—65 7 379—6 688
8 000—3 500 PR, AR B’ 65—25 6 688—5 512
3 500—1 500 5% 2 NLR) ®T 25—10 5512—4 980
1 500—0 B T 10—0 4980—4 473

5 et EREHESHEAIERRKBESITH

BIEEMXEAN T FENNSEMX, SEMGFHSHEEAXMRLHTHLEY
B, AT T B EAS 6000—7200a BP.EFAMIIH KX ERS HHEKE. BT 4HEF
WK ARETEIE S & 45m 4L NERMERE ), BAH = 0, 8 P— E= 0, A FHL
SHEIH TR HFEBEIT. (1) RCEH: ROVEHZRE THRNESHEAE R, &
HEEEA 6000aB.P.A, XUEHH RIS 37°NEIFEH X)) MEILES R
—4019J / (cm® » min) (1 A K& + 72437 / (cm® » min) (8 A ) (iR %%, 1991) 4 R
SR KRS S8 S AR 29 R BE 0 75%. (2) MER SR M ER SR T ER B L5
MR E. TR YR, R E R B, 5% 8 KIS B 0B B Ak
HIFBZH) S, SR 4 X, BIRAFER =K K. 3) RiRBE. - &
HF. SEHE LM LNES FEY YERABE. FHRLIANS 40C. £F45
70C,HEZEAR 2.0C,

AN, BT HHE 2R FHELKELEKR, DA E A, RS 2 ETRE
aya,, a,. 5o E AL E AT iy B K AL # E 0, & a T AUR — M EOLAR FE A EEIA
iRk B

aP+raP+raP=FEa . (12)
o, r 505 BRAR B R X B AR R B T A K SCEI R

AR SRR, A REZLE, BKESEMNE. ITEERILE I NR4AT
UEN, FEHNEmttReERiEr, ZREEELSE 13%, BAKELAS R 32%. RRENK
67%.

*4 FEHSHFEREREWKRFE
Tab4 Estimated water balance of the Qinghai paleolake in stable warm and wet periods

during the Holocene

R WA EE BAKARR SREXEZRE BMXELER SUWBHKRAR R

(@B.P) (m) (mm) (mm) (mm) (mm) (10°m’)
7 200—6 000 45 4255 363.8 1079.4 526.6 3441
IR 0 954.5 397.9 20.56
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PR A IH R SR AL IC R4S, SRV TR TIRGRSE, R AR . Al E
B e a B MEARUAMEBRESEEENHEIURFER. AXERAEMGY L
XTI R R MR K S0 AR S B, AT SRR RZE AL 5 P RE IR E AR R R
ERARR. FHBRAMT L.
6.1  F I K BT i 14 J5UER BT SRR B9 08 & T PNl A T 30 AR A AT B B R R AP AR R, 22 S
B GETIE , 10 B B R AT A AR R B S B
6.2 FIFKBFHRITE B M F B WTE 25 AR BIB MK AL AR 45m BT,
FEHKER 32%, BB 67%. & NETER 215,
6.3 T U I i XA 10 AR R IR IR B B A A K B AR DA B A R, SRR T e I M 2 X
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ESTIMATES OF PALEO-HYDROLOGICAL PARAMETERS AND
WATER BALANCE OF QINGHAI LAKE WITH
ENERGY-WATER BALANCE MODEL

Qin Bogiang

(Nanjing Institute of Geography und Limnology, Chinese Academy of Sciences, Nanjing 210008)

Abstract Based on the principle of energy and water balance of inland lake with a
closed drainage basin, an energy—water balance model was constructed by deriving the
function of lake level change relating to the change in precipitation and evaporation in
the lake basin, and used to quantify the hydrological parameters and water balance of
Qinghai Lake in the 7200—6000a B. P. stable warm and wet periods during the
Holocene. The basin was divided into several sections according to the terrain coverage.
The model was applied to each section. The inputs were the lake level and other
meteorological data such as cloudiness and temperature; the outputs were evaporation
and precipitation which were summed up into the lake water balance to derive the
runoff. With recent observation records of hydrology and meteorology, the model was
validated by the estimates of energy and water balance during the observation period.
The results show that the estimated precipitation matches the observation very well
Hence this model may be used to estimate the water and energy balance for the
Qinghai paleolake and the paleo—hydrological parameters such as precipitation and
runoff. The geologic data of the Qinghai paleolake basin during 7 200—6 000a B. P.
were used to run the model. The results of the reconstruction of the water balance of
the Qinghai paleolake in the middle Holocene show that precipitation, evaporation and
runoff for the lake were 32%, 13% and 67%, respectively, higher than those of today,
with an increase in runoff being two times more than in precipitation. This also
implies that the enhanced East Asia monsoon in the Qinghai Lake area produced a
warm and wet condition during the middle Holocene. This research is an attempt to
reconstruct quantitatively paleo—hydrological parameters and to interpret the paleoclimate
using the paleolake evolutionary evidence.

Key words Stable warm and wet period of Holocene , Lake water balance

Energy—balance



