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R= - (Hu+ Hy) — 2B+ P, (2-1
LM L\,[

XF . RABRKE (mm), r HItFHEETR, Ly AKERILER, HoNEEH (W/m®, Hs
HREPGER (W/mD, Ly AREAEN, EXELE (mm), P HREMEK (mm) gt &
s EWKIWERRBER= A FKRERMABBEREK, XBEFENRREELY
X KA,
2.2 ARl

EFERUEETHEEUMERREARY, C-DATWHEERS FHERKSEETH
THITETE:

Hm=mea&+amggx1—w+wwn1+awoay—oewn<zm

a=0.82—0.03T, —1.74 X 1077, — 1. 14 X 107'T,° C(EE)
a=0.27 — 0. 01T, (YK
Hg =0.97U,T, (2-3)
— LgE =— 2.73U,(6.11 — P,.) (2-4)
XA ReAARFB Y, G F., WEABEM KK ERKHEESH (W/m?), HD- FRCHHK
B3, o« RETER, o AMFBF-BREEHFY, T.MT. A5 HKKMKERE (K>, HD, C,
T Un Fl P AR K TS SN B B, HHYEEE (0.0—-1.00, KR (O, K
 (m/s) FIZKEE (mb) gERABRERL (2-2) — (2-4) PHEEFSHEEAEAE X NE,
‘AR EXH A, AR QD PHFSE . FReERNTHHEEAKIHEREX
HPELHE Q81R3 910m), FFULMEREENKIERRBERKSHMEER.
2.3 BESHEAEEENITE
2D AMitEF, EHERERFRRKETEEN, AFNEESHEKE. VI,
FAEHH KR ESIS RERE, BT REF YSEKATFS. 5CrE, BEKIRES.
YURB/NT2.8CHPAES, FF_EZMANERRES MELERARULHER. &
BAHTFHRIE, NS ES BRKEPHERSELEY URASERKELURRREMNSE
., KTEHHEBREMEHEN TS 2D RNHEHE.
FIRFEIK Z bEn HEEKER Py (n, 2) B FRAKHEK:
Py(n,Z) = P, (n) + PG(n,M)AZ (2-5)
P,.(n) = P,,(n)CF,,(M)
KA, P ) F Py () SRR R R WM H K BFIEIM R 508 2 eE/Fr HEKE.
CF, (M) HEA n FIEAB MY EFIRERELES, PG (v, M) HER n #HEFEH
i M @9 F KRB LRIV RN B REAEREE, AZ HIBRE ERLIBERET.
104 AREKBIRBEE T T BES, SEARFIMEXSER KK H S Rul B WM kK
BB EHREE (1983—19895FFH) X
PG(n,5) = 8.3%P,.(»)/100m
PG(n,6) = 5.5%P,s(n)/100m
PGn,7) = 0. 0%P,4(n)/100m
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PG(n,8) = 7.2%P,.(n)/100m

PG(n,9) = 0. 0%P,.(n)/100m
2.4 FAEESHERLEE TR

Tk NERAREFHEKNESRE, B TREU TESHNERBRIFH

2.5%%, Hit, YHEAERER, 2-D NWALEEH . Y EILREE, (2-1 KL
KETVEHFBEERR, XNFETEMEAERBRBEREFRESEKRETHE, 1082448
B K T R X TR K A AT T DA 8B T AR AR e L e A R S R R K B P A T
B, BHSFIOALEAFRERIEK)IESHEAZERE ED ARITKREFIEKIEKA
FrRBMELEMAXRLBEMLE. SIUEGHERETURRIY BB XGEMBEHER
HEY FRAEESEKNBEEHENHERE.

*1 LCRAFITEREXIMEMEA FHERE (1959—1986%F)

Tab. 1 Monthly mean evaporation of the non-glacierized area at the source area
of the Urumgqi River (1959—1986)

KB /R AR’ (mm/d)
(m) 5H 68 7H 8H 9H
&L 3539 0.7 2.2 3.0 2.3 0.7
Bk T 3700—4480 0.4 1.4 1.9 1.5 0.4
THFEH 3400— 3700 0.5 1.5 2.0 1.5 0.5
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Fig. 2 Comparison between the simulated daily net water input to the glacierized basin and
the measured discharge at the total control hydrometric station at the source area of

the Urumgi River (1987)
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Tab. 2 Parameters of the tank runoff transformation model for the glacierized basin

at the source area of the Urumgqi River

557 Rb 58 F e 3
N m’al:n ) (r::n y o “ A e (rrill:n) (mh:n y | “ B a
1985 0.00 .06 0.100 0.100 0.010 0.005 10.00  0.00 0.050 0.050 0.050 0.050
1987 .00  0.00 0.100 0.100 0.010 0.005 10.00 0.00 0.166 0.166 0.166 0.162
1988 0.06  0.00 0.252 0.252 0.042 0.016 10.00 0.00 0.080 0.080 0.080 0.080
1988 0.00  0.00 0.285 0.116 0.002 0.007 10.00  0.00 0.150 0.150 0.150 0.150
1990 2.60  0.00 0.184 0.117 0.016 0.008 10.00 ©0.00 0.112 0.112 0.112 0.111

R . HTKPIKTKANMRESFHELENZEE, BRTERE A MAR
AR o R K T R KB A VK IO T B AR AL » T AR 0K )1 3t T AR 0 RSB A 3 B Y
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T FC<<1. OMF R K o A B K FC 7R SE M2 3 B B sl s KA BRI T
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®3 SARFURXAKNERFRRUT NS KHARERBERY FCE
Tab.3 The multiplication factor FC for the simulated net water input to the glacierized

basin at the source area of the Urumgi River

4 1986 1987 1938 1989 1590
BiERE 1.1 1.0 1.0 1.0 1.0
38 T R 1.0 n7 1.0 0.5 0. 8

*  FCERFFAKI

B AR SRR DK 1 AL S A 1R K Sl i BRI A R RIS, iR R/KHILHR
HAS TR (E3) BRI (8o, B R R LIRE L BLSY 5 H
WA 4P| AR R SE A B BoK B E R BT MR CRY - REAFIERE MSEQ”
HACCRERGTAN AR RAE™S BN RRB T EFMNER K CRBLREH L
MARWHRE., KIKEMERENEAR RS RFHIMERE, THEARRHTELZ
i FRBARE R, KERKERRIM EEARM S AEBMRS, s HOM7TANEE—
KSR B ERSCR R E (B KR HERKE Pr ool 1, &N K B
IR ER AR AR B X E R R R B S KA R T AR B
HEEREHR, FELTMREIRE LR, XSS BRI SR ik
FIEEMR R BEH B KIRE RaPREMGE R PR REE R BR 1986, 1987 RUIR L

R4 SRARFEHRTAJIFRIR SRR CESEIR KRBT HF
HARB RN RRE
Tab. 4 The simulated mean discharge and the evaluation criteria for the discharge mod-
elling at the total control hydrometric station of the glacierized basin at the

source area of the Urumgqi River during the months from May to September

TWEHAE  BHTHRE

= CR MSEQ R®
(mm/d) (mm/d)
1986 3.8 3.7 0. 287 Q. 354 0. 802
1987 3.0 2.9 0.374 0.393 0. 838
1988 3.8 4.4 0. 430 0.515 0. 845
1959 2.5 2.3 0. 437 0. 507 0. 618
1990 3.3 3.3 0.328 0. 367 0. 748

* W H e, Kok NAHA R o AR5 -9,

I AL Kok G e 1) 6. 9.
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Fig. 3 Simulated and measured daily discharge hydrographs at the total control hydrometric sta-

tion of the glacierized basin and the meteorological elements at the Daxigou meteorological

station at the source area of the Urumgi River (1987, calibration period of the tank

runoff transformation model)
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Fig. 4 Simulated and measured daily discharge hydrographs at the total control hydrometric

station of the glacierized basin and the meteorological elements at the Daxigou mete-

orological station at the source area of the Urumgqi River (1990, test period of the

tank runoff transformation model)
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RUNOFF MODELLING BASED ON
ENERGY AND WATER BALANCE IN A GLACIERIZED BASIN

Kang Ersi
(Lanzhou Institute of Glaciolog v and Geocrvology. Chinese Academy of Sciences. Lanzhou 730000 China)

Key words a glacierized basin, energy and water balance. runoff simulation
Abstract

Based on the field measurement on energy and water fluxes in a Tianshan glacierized basin. this

paper is aimed at simulating the runoff formation and transformation processes by using an energy
and water balance model taking the standard meteorological elements as the foremost inputs. The
purpose is to understand the processes of energy and water exchange between mountain glacierized

areas and atmosphere and their relation to the runoff formation.

The glacierized basin which is chosen for runoff simulation in this paper is situated at the source
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area of the Urumgqgi River. The basin is located at 43°06'N and 86°50'E. Its catchment area is
28. 9km’, of which 5. 74km’ is covered by glaciers. The altitude of the basin ranges from 3408m to
447%m.

The runoff consists mainly of the water from melted ices and snows, and of some efficient liquid
precipitation. A glacierized basin can be divided into glacierized area and non-glacierized area. Snow
cover is approximated to the solid precipitation. The precipitation of the basin is determined by the
systematic error corrected precipitation and its altitude gradient. The ratio of solid precipitation to
the total precipitation is determined by the temperature criteria for precipttaion to form , the daily
maximum and minimum temperatures and the daily mean temperature. The runoff from the ice and
snow covered area is calculated by an energy and water balance model, while that from the ice and
snow free area is obtained by a water balance model. The calculated results indicate that the runoff
coefficient of the glacierized basin is 0. 72, and the runoff from melted glaciers is 13%, the melted
sniows from the non-glacierized area makes up 57%. and liquid precipitation accounts for only 8%.
The total amount of melted snows and ices from the glacierized area makes up 35%.

Under the climate conditions on the Tianshan Mountain, the ablation season can be divided into
the weak melting period and intense melting period. The weak melting period is mainly for the melt
of seasonal snow cover, and the runoff transformation occurs mainly on the surface. The intense
melting period is mainly for glacier to melt. and a large amount of water is produced during this pe-
riod. The intra-and subglacial drainage system and the active layer of the permafrost develop well
and play an important role in the runoff transformation. The runoff transformation processes are
simulated by a tank model. which is constructed with two vertically connected tanks. The simula-
tion shows that, during the weak melting period. the runoff transformation processes are rather uni-
tary with the characteristics of a linear reservoir, while during the intense melting period, the dis-
charge increases with the water storage which has the non-linear characteristics.

The present study links the climate variables to the energy and water balance, and to the runoff
formation in a glacierized basin. The discharge hydrographs at the basin outlet are well simulated.
This is significant in the studies on the relationship of the changes of mountain glaciers, permafrost,

snow cover and runoff to the climate change and its simulation.



