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Ecological water requirement estimation of the rump lake in an extreme arid

region of East Juyanhai
ZHANG Hua", ZHANG Lan, ZHAO Chuanyan

College of Geography and Environment Science, Northwest Normal University, Lanzhou 730070, China

Abstract: With population growth, industrialization and expansion of irrigated agriculture, in some areas over-exploitation
of lake resources, and disruption of the balance of lake ecosystems, have caused problems within lakes such as drying,
shrinkage and serious water pollution. This can lead to degradation of the ecological environment around the lake, land
desertification, and salinity intensification. Therefore, it is critical to maintain the balance of lake ecosystems. In this paper
taking East Juyanhai as the study area we use remote sensing technology and visual interpretation of ETM images of the lake
area, and extract data for each month from 2002 to 2012. We determined the lake area using the hydrological guarantee rate
method, and used meteorological data on wind speed, relative humidity, air temperature, vapor pressure, and precipitation
from the Ejinaqi weather station. We determined the lake leakage coefficient, and constructed a lake ecological water
requirement model by applying the water balance principle, conducting preliminary estimates for each month, and
determining the annual average ecological water requirement for different guarantee rates in East Juyanhai.

The results were as follows: in January to March each year, the lake area in East Juyanhai remained unchanged. In
April, the lake area began to decrease. The lake area reached a minimum in July, and the lake area gradually increased in
August. After October, the lake area remained stable. The evaporation water consumption of East Juyanhai was highest from

May to August, and maximum evaporation was in June. The average annual evaporation of water consumption under the
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guarantee rates of 50% , 75% , 95% was 1.7910x10° m’, 1.6072x10° m’, and 1.0373%10° m’, respectively. The leakage
of East Juyanhai was reasonably low; the average annual leakage under the guarantee rates of 50%, 75% , 95% was
15.0788x10* m*, 13.5314%10* m’, and 8.7334x10* m’, respectively. Precipitation was mainly concentrated in June to
October, and the average annual precipitation recharge under the guarantee rates of 50% , 75%, 95% was 118.1083x10*
m’, 105.9882x10* m*, 68.4062x10" m’, respectively. The average annual ecological water requirement of East Juyanhai
under the guarantee rates of 50% , 75%, 95% was 1.7807x10°m", 1.5980x10°m’, and 1.0314Xx10°m’, respectively;
accounted for about 9.66% , 8.66, and 5.59%, respectively, of the average annual runoff of Yingluoxia; about 16.27%,
14.60% , and 9.42% , respectively, of the average annual runoff of Zhengyixia; and about 30.81%, 27.65%, 17.84%
respectively, of the average annual runoff of Langxinshan.

The results showed that: under the minimum guaranteed rate, to maintain the East Juyanhai lake area (23.94 km®)
prevent the lake from shrinking, and ensure the surrounding environment is not severely degraded, the minimum ecological

water requirement is 1.03x10°m’

; under the appropriate guaranteed rate, to maintain the East Juyanhai lake area (37.09
km®) and initially improve the surrounding ecological environment, the minimum ecological water requirement is 1.60x10°
m’; under the ideal guaranteed rate, to maintain the East Juyanhai lake area (41.33 km®) and ensure that the surrounding
ecological environment is greatly improved, the minimum ecological water requirement is 1.78x10°m’.

This research can provide the basis for rational allocation of Heihe River Basin’s water resources. According to the
results on ecological water requirements at different guarantee rates, management schedules for East Juyanhai's water

resources must account for the relative proportions of upper, middle and lower runoff to ensure the rational allocation of

water resources in the Heihe River Basin. The results of the study are also a valuable reference for the restoration and

reconstruction of East Juyanhai’s surrounding vegetation.

Key Words: East Juyanhai; ecological water requirement; evaporation of the lake; leakage; ETM images
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Table 1 The surface area of each month under different guarantee rates of East Juyanhai

TRARIER/ % HiF Area /km?

Guarantee rates 1/ Jan 2 H Feb 3 A Mar 4 H Apr 5 H May 6 7 Jun 7 H Jul
50 44.1127 44.5336 44.6669 43.1829 40.2870 36.4798 32.2325
75 39.5859 39.9636 40.0832 38.7515 36.1529 32.7363 28.9248
95 25.5493 25.7931 25.8703 25.0107 23.3335 21.1285 18.6685

PRUERR/ % A Area /km?

Guarantee rates 8 A Aug 9 H Sep 10 A Oct 11 H Nov 12 H Dec 4:4F Annual
50 34.7256 37.5723 45.7825 46.8811 45.5597 41.3347
75 31.1622 33.7167 41.0844 42.0703 40.8845 37.0930
95 20.1125 21.7612 26.5164 27.1527 26.3874 23.9403

x2 FEEBEARRIEXTHESRE

Table 2 The leakage of under different guarantee rates of East JuYanHai

{RAFIE 2/ % Bl Leakage /10* m®

Guarantee rates 1 H Jan 2 H Feb 3 A Mar 4 A Apr 5 A May 6 H Jun 7 A Jul
50 1.3675 1.2469 1.3847 1.2955 1.2489 1.0944 0.9992
75 1.2272 1.1190 1.2426 1.1625 1.1207 0.9821 0.8967
95 0.7920 0.7222 0.8020 0.7503 0.7233 0.6339 0.5787

FRIE 2%/ % Bl Leakage /10* m®

Guarantee rates 8 A Aug 9 H Sep 10 H Oct 11 A Nov 12 H Dec A4F Annual
50 1.0765 1.1272 1.4193 1.4064 1.4124 15.0788
75 0.9660 1.0115 1.2736 1.2621 1.2674 13.5314
95 0.6235 0.6528 0.8220 0.8146 0.8180 8.7334

34 BEAKAMAEITE 2 (9) T AR J A TR AR AN [l PRAIE 38T B oK kb 45 £

) A5 55 40 A 5 o W ) H B K R (#£3),
2002—2012 445 H H ¥R K i AR YR K, TR H
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Table 3 The precipitation of different guarantee rates of East JuYanHai

TRAFAE A/ % [ 7K &t Precipitation /10* m?

Guarantee rates 1 A Jan 2 A Feb 3 A Mar 4 7 Apr 5 H May 6 H Jun 7 A Jul
50 2.2858 0.5668 3.3703 4.3968 8.4969 18.0078 19.4567
75 2.0513 0.5086 3.0245 3.9456 7.6250 16.1599 17.4601
95 1.3239 0.3283 1.9520 2.5465 4.9213 10.4298 11.2690

FRUEZR /% Fé 7K 2 Precipitation /10 m?

Guarantee rates 8 H Aug 9 H Sep 10 /3 Oct 11 J1 Nov 12 J1 Dec 424F Annual
50 20.5828 16.4635 20.6854 0.9376 2.8578 118.1083
75 18.4707 14.7741 18.5627 0.8414 2.5646 105.9882
95 11.9212 9.5354 11.9806 0.5431 1.6552 68.4062

3.5 ANTKE Tt KRR AR A (1) 2, 45 21 7R 3 2E Vg A [

FRUER N 50% \75% 95% W28 K AEKE B BRHIERMSA AXAERASTRE (R 4),
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Table 4 The ecological water requirement calculations of East Juyanhai
BARIEZR/ % 1T K8 Ecological water requirement /10° m?
Guarantee rates 1/ Jan 2 H Feb 3 A Mar 4 H Apr 5 A May 6 Jun 7 A Jul
50 0.0111 0.0316 0.0847 0.1744 0.2687 0.3157 0.3015
75 0.0099 0.0283 0.0760 0.1565 0.2412 0.2833 0.2706
95 0.0064 0.0183 0.0491 0.1010 0.1556 0.1828 0.1746
fHAE 2/ % H: AT K IR Ecological water requirement /10® m®
Buarantee rates 8 H Aug 9 A Sep 10 A Oct 11 H Nov 12 J1 Dec 424F Annual
50 0.2636 0.1566 0.1085 0.0492 0.0152 1.7807
75 0.2366 0.1405 0.0973 0.0441 0.0136 1.5980
95 0.1527 0.0907 0.0628 0.0285 0.0088 1.0314
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