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Evaluation on ecological water requirement in the lower reaches of Tarim River

based on groundwater restoration
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Abstract: Located in the extremely arid region, Tarim River is the longest continental river in the northwest of China where
the environment is vulnerable. Since the construction of Daxihaizi Reservoir in 1970's, the river channel in the lower
reaches of Tarim River with 321km distances from the Daxihaizi Reservoir to Tatema Lake has been dried up for more than
thirty years. Cut-off of river water along the lower Tarim River and the excessive and unbridled utilization of water resources
resulted in a series of ecological environment problems such as groundwater level decline, natural vegetation deterioration,
desertification acceleration and so on, which has been accelerating environmental degradation and strongly influenced local
agricultural development. In order to conserve the natural vegetation and further to control the desertification and restore the
severely degraded ecosystem, an emergency plan-the ecological water conveyance project ( EWCP ) for synthetically
harnessing deteriorate ecological environment were implemented in the lower Tarim River since 2000. After 12 times of
ecological water conveyance ( The deadline is January 2011) , the groundwater level showed some degree of raising along the

main river channel of the lower reaches of Tarim River.
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Groundwater level has played a key role in the degraded natural vegetation restoration due to the natural vegetation
growth mostly depended on groundwater in extremely arid region. Ecological water requirement in the river channel along the
lower Tarim river was highly related to elevation of the groundwater level while the elevation of groundwater level is
supplemented from the EWCP. To estimate the requirement of the ecological water, firstly two main river along lower Tarim
River channels were set up, including the new river channel from Daxihaizi reservoir to Taitema Lake and the old river
channel from Daxihaizi reservoir to Alagan, then to analyze the response range of groundwater level to the ecological water
conveyance and evaluate the ecological water requirement based on the groundwater restoration by investigating the response
width of groundwater restoration after the ecological water conveyance. The phreatic evaporation method was applied to
analyze the ecological water requirement in virtue of the Remote Sensing and GIS techniques. The resulis showed that: (1)
The range of groundwater level change was positively related with the amount of water transferring to the channel in the
Lower Tarim River. It was charactered by a temporal hysteresis with the response of the groundwater level to the amount of
watering to the river channel. The groundwater level decreased obviously from 2004 to 2010, and that was in a negative
equilibrium state. The response range of the groundwater to water transfer was 1195 metres, 1050 metres, 2281 metres, and
1000 metres in the transections of Yusu, Kaerdayi, Alagan, and Yiganbujima respectively. (2) After 12 times (for 11
years) of ecological water conveyance in the lower reaches of Tarim River, the total amount of water requirement based on
the groundwater restoration was 7.06x10°m’ | including 4.98%10°m” from Daxihaizi reservoir to Taitema Lake and 2.09x10°
m’ from Daxihaizi reservoir to Alagan transaction. And it needs about 5 to 8 years that the groundwater depth elevate to 4.5m
(equal to ecological groundwater level).(3) The amount of ecological water requirement for the natural vegetation protection
is 0.587x10°m’ to meet up with the requirement of the total area of 96114.09 hm” of natural vegetation strip from Daxihai
reservoir to Taitema Lake. Moreover, the amount of ecological water requirement is 0.21x10°m’ for the natural vegetation

protection zone of 41439.85 hm” in the area of the groundwater level responding to the ecological water conveyance.

Key Words: ecological water requirement; undergroundwater restoration ; vegetation; the lower reaches of Tarim River
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Fig.4 The changing dynamics of groundwater level in the lower reaches of the Tarim River
3.1.2 bR KA R A T
XV FURTR) R U T 75, PR R ZK AN ] A A A A 7K s 78 i T i iy b 7K 38 3 o B2 AN ], ELJS — WK i
IKBRE SR FTIR 5 A S A RS R VR A 25 51 . ARl b 7K o7 s B A 8 ik (AR 1) 15 H R T 4 A
Wi A= AR K s (&1 4) a0 R LA AH OC R BEE 0.01 /K ARk 204 538, 5K A W 1T 11
SRR EE (% 3) .

R 3 AT ] B N R B R

Table 3 The response amplitude of groundwater in the lower reaches of Tarim River
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1R 2.09%10° m’ 4 12 A /K)E 38 BT R g /K SR E 7 KR 7.06%10° m® , AR HE 38 AW R iiF
KPGHETF LU R VAR SLPRARE BL : (1) T3 =IFR VT 10 4R K% 7 LU R K& 0.9x10% m?; (2) 31 10
SRR PG T LA A 45 K Bk 2.3%10° m* 5 (3) KPGF LU BLRIAE L4 K 5o 3.5%10° m’, MR 4§15
AF B LR T3 U AR 2SS K A R AR 0T A8 37 %o i 7K A I 25 i o HL T T A S B AR R R A
FL 2490 38. 19%—56.5% , B i /K BRI 3ETIN Vol T8 X6 1 R 7K A AR 45 e 5L S T /NI T — e L, Thi 25 1 i
DU SR T3 T B A, 48 BB R VP IR F LA AR I A 7K B 2.3 % 10%—3.5%10° m® , AR b T /K K B 7 22
BB R 5—8a, #rHh F/KIKE T E Sa 58, BHAEIK G K T E 1.41x10° m® s A4 F /KK 7528 8a SE AL, 4T
PR KT E 0.88x10°% m’

R4 BEATTHETKEREEKE(10° m®)

Table 4 Water requirement for the groundwater recovery in the lower reaches of the Tarim River

IR ALAE Byl 1L AN 22

e e g
‘ T B Saluratio'n deficit of Soil iifiiity Y ] '[X: E] < DX I T Si:il;ﬂl:gﬁ zjjjr
River reaches fluctuation belt of 3 Spacing Length/km Spacing area /m> . 3 3
water table/M (g/cm”) requirement /10° m
A 0.1403 1.36 61.4 1268.85 0.30
B 0.1403 1.36 34 2774.55 0.36
C 0.1403 1.36 109.1 3577.65 1.49
D 0.2018 1.36 96 3571.75 1.88
E 0.2018 1.36 57 3028.60 0.95
F 0.1403 1.36 54 1901.60 0.39
G 0.1724 1.36 91 3973.55 1.70
J11 Total 502.5 20096.55 7.06
A KPGIGF-FET5 (F5I) 5 B BETR-WE IR AR (FHIRT) 5 C o B IR IBAR-BT LT (FFIR0 ) 5 D2 BB T KT A KRR (FFI0) 5 E AR TR BURR- 65 55 2 18
(FFI) s F R PGHFFIET5 () ;G JEoR-PUhr+ (23T

3.3 pAESTEKE

XFFRXE M EAME R RGN R, RN EE S RS 2R S HESN SR
P B T KRR AN ST AR OCHE B AT 35 2R G i /K 09 75 X T3 Uil DAER 8 R AME K 43
SR T 3BT R KA & AR AR A T8 B KR M B X R KA AR TR AR B T, IR, A S
AT AREE 2 RS (1) Y R TA KRB, 76 S5 7K AF AT DA E ok A 285 ) S0 P 26 30 w9 2
g3 (2) BT i R K e 5 R SR A A, 2 BRI T S A 7K S AR e R ek R A AR SRR E
HR A B A S T K TR I A3 AR 7 58 AR B 28 i AR R TR K (R 5)

B BRI R ek o iR A T AR 518181.75 hm? , KARAE#E I AL M 96114.09 hm?, [ 18.54% , Ho 7r A i
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A B AR R 10759.64 .39119.81Thm? Fil 46235.25 hm? , A= AT /K &394 5.15%10° m® 17.63x10° m* il
35.96x10° m*, W CR4F T U i A7 AR A AT 7K 5 R 0.587x10° m*, MRHEIE BRI 7K A5 150, >R F BT i
PR Z R SRITTEREAE , PR3 H AR T2 B VR 38 W 00 ) SR AB DY . e HE LA b A= 23 /KR M 7K %) 53 i g 2, £ 4
P 2 A WG Y~ 7K 2R S 30T 1140 S0 % T TR 9% e 7k i 7 I B2, PRIt 388 Are GIS 2 i X 23 A i BT i K v Vi 1
— 5 R I T B R 1195m 14 Rk T AL, DR SRR Bk 1T AR 41439, 85 hm?, HHR TR OR JEOR | R Ml 1T R 430l Oy
9287.22 .24718.64 hm’F1 7434.00 hm” , A=A T5 /K =430 A 4.45%10° 11.23x10° m* Fi1 5.32x10° m® | W] B A= 2575
JKEH 0.21x10° m*,
*5 BEKUTFRFEEEHERVERRESEKE

Table 5 Vegetation acreage and ecological water demand of woods, shrubs and herbs in the lower reaches of the Tarim River

T g TUFHE P, Natural vegetation U O H AR Y Response scop vegetation
Type Coverage i AL/ hm? TKE/(108m®) T #Y/hm? TR E/(108m®)
Area Water requirement Area Water requirement
FF A Woods >0.5 0.09 3.37x107° 0.09 3.37x107°
0.5—0.3 38.93 5.58x107* 38.18 5.47x107*
0.3—0.1 8469.20 4.21x1072 7308.62 3.63x1072
<0.1 2250.81 8.82x1073 1940.33 7.61x107°
THEA Shrubs >0.3 47.41 1.11x1073 42.17 9.88x107*
0.3—0.1 20883.25 1.04x1072 13831.14 6.88x1072
<0.1 18189.14 7.13x1072 10845.33 4.25%1072
il Herbs >0.7 137.77 1.48x1072 0.00 2.34x1077
0.7—0.3 372.63 8.73x107° 71.67 1.68x107°
0.3—0.1 32994.13 2.86x1072 4759.18 4.13x1072
<0.1 12730.71 4.99x1072 2603.15 1.02x1072
3T Total 96114.09 5.87x1072 41439.85 2.10x1072

4 SRS

(1) 3B R UEHL T KA B9 F6TFHIR B S K 20 KN 2 —E B IEA G R A — & AR . 2004—
2010 4FH R K AL F I G ERIRAS |, Mo AR, DX T B, 248 T R B IS 38T I Ui T K 09 EZE b
8 G AT T A48 A LA 3 [ RV ] 8) 5 SXORD 2, BT 7K I8 SR i B 5 T 3 e AR B D 1) B 3R A 2%
KR R ) IR — N Y AR IE A K BT A B AR A i FRAR S8 — A, M T ZK (7% e i RN T Ui AE B Y AR
M S0 7 — KA 2 TR R o) RUBE [R5 07 I 7= S 4 3 BRI R iR 1Y) 4 W i K 1 8 1) 5 1
FElik 1000 m 2545 5 B ME4E 25120 32 B Ml R /KB AK 14 ProcessingModflow #EAT T 10 4F 1 i 18] B 7K B4, Sk
52 3 P PR AR ZE R T R 3 kem A SERE N, DN H R N FUYE LA, 58RFE A BR A X3 N & 2, mT OR3P AT 1%
I EEAE T F UL, AR R B R R AT A AP B AR, BRI AR SR, 38 WA A K ik
I 2 AT K TR s A B T () 5 B

(2) Hbu T 7K AN B2 XSV 8 7K 7 A e o7 ) e PR = (] s, 2 R e AT B K A2 R S PR R 38 BT T i
B KA AT T I T PO T KA AR K T 6—8 m FATFE T 2—4 m!' R KR B AR Ak B Se S ke
T8 5 I R b A PG VA /K 2R A I A 6, O ST B A 6, & 11a WOS/K G, 3 kIR E = A4
SR VR I T KR 7.06x10° m® | A48 [B] 8PS K S50 S K e AL &, W75 22 5—8a By H], Eiks
ST K P IR 1 2 5 RS I R AT 1 km TERE MR KK 2 4 m KPR KN 14.4%
10° m? , WA 31538 BT R it R /M K B R 20.056%10° m?®, Hh 2R FH A BLR MR 7K A3 A0 4 B AR
AIKAL AR 1 B T K ARSI IR E T K 22 5 0 TER K BAE], R 3 ] 7K — 35 70 8 1 18 5 R 4 o 7%
B, 57— dE A G K ZAMNA MR 7K BT KR B kb 7 388K [R] B R - M iRk 78 & I TE /K S0 78 &
WAEVEAT , 1 R /KIS T AT Y 1) ShHEIE S DRt 78 AR 2SS AR o ARAE 2 R A K R R IE T

http ; //www.ecologica.cn
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AKAL TR HBRIRAS | 1 H B AR s B AR A7 s 7K O S AT, A R AR A7 RS | ek R b B I AR
Y% 1L R

(3) 3 BRI R R PE IR 7 LN R T KRR AR 96114.09 hm® , AT 7K 24 0.587x10° m’, #7
PR LT AR B HF R ARAE B TR 41439.85 hm® , AE ST K E A 0.21x10° m*, A\ H Ay /K mi b7 417 &, 1
YERF T RIRAEHE 35.8% MAEBTH/KE SR /K TREMMASITRT L, RREEEAR TR ASTKEN
S R T A BT R i R AR A AN 14.16% 10* hm?® | M35 2520 1 2 TR i R R ML i AR
37.21x10* hm® , AR SCRHH 2010 4R8BSR T FIEAME ST K B R A5, AR /K G R 58 8= Bk
B RGRE IR TR AN S B R S, Wit I K S AR Y e A R 3 R | b 3K 5 H TR K
IR AR VI i BREE BT 3 3 25 A T BRI R B0 22 (4 H AR ——KRVE IR /K R DL R 22451 Rtk
A 3.5x10° m?, it AR A K SO A ST K, R LA S BB K PR SE ] R AR AR SRR, TE K B TR
A T DX, A e] A BRI R K SRR R 3R R A, W EEAR IR K SOIR DL IR ) 1) A 2 A 252 R X i
KI5 2R K R A TR
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