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Abstract: This paper is the result of hydrogeological survey engineering.

[Objective] A new evaluation method for catchment scale dependent groundwater ecosystem in semi-arid region was established.
The method will include both surface and sub—surface information and provides a technical support to groundwater resources
development and ecosystem protection in semi—arid areas. [Methods] Taking the Hailiutu catchment in the Ordos Plateau as the
study area. Four indicators including depth to water table, soil types, vegetation coverage and evapotranspiration were selected and
the spatial distributions of these indicators were determined based on field survey and remote sensing interpretation. Finally, a
systematic assessment was performed in a GIS platform to identify the distribution of GDE and the degree of dependency. [Results]
The results indicate that the areas very high and high dependent on groundwater accounts for 10.2%. Although the areas are small,
biodiversity and bio-mass in such place are much higher with high ecological value than the that of others due to the contribution of
groundwater to vegetation growth. [Conclusions] Based on the comparison between this study and site studies, the results have a
good agreement and are reliable, indicating that the proposed method is applicable to other similar regions. The sensitivity analysis
shows that the most sensitive parameters are soil types and depth to water table that should be paid more attention during data

collection in field works.

Key words: groundwater—dependent ecosystems (GDEs); assessment method; semi—arid; vegetation; ecology; hydrogeological
survey engineering; Hailiutu catchment; Ordos Plateau; Inner Mongolia

Highlights: (1) A new method was developed suitable for groundwater dependent ecosystems at catchment scale in semi—arid
regions. (2) Indicators were selected from hydrosphere, pedosphere, atmosphere and biosphere by integrating surface and
underground information. Comprehensiveness, representativeness, accessibility and quantification were considered in the selection of
indicators. (3) A good agreement was reached between the results from the proposed method and site studies, indicating that it is
applicable to other semi—arid areas.
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A9 A= 2 & 487 ( Groundwater Dependent Ecosystems,

1 5 5 %%k GDEs) (Gou et al., 2015; X% 2018) . A4

Hi ] S R X [ T AR 52.5%, {HK
RE =, SIS, T XN BRI D, 28k
SR AN, TEHL T K7 U R A M DX, T 7K S 2y
RLBEA A5 R GERY 2RI, BEFR Sy “ MO T 1 T~ 7K

FAKZHEBRGENIKR, ¥ GDEs X734 “ 2K
HABRG” . “WAEBSRE” . “BHAB RS
“BiAAE SRS AP 2R (Bertrand et al., 2012) .
R B K AR ) B RO IRTE =& A, FESEE 7Y
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&6 1 Bk B2 7 &% B (Purvis and Wright, 2009) .
GDEs H A % = 1 4 Fh 3= 5 18 RR A 1% 1k

A= SR SS  (EAR 5, 2 52 DX AR 2 o e 1) B
7o WTFIKAGHTIFR, #5751 GDEs iBfb. iR
51 GDEs %5 [8] 5345 5 % 11 R 7K AOAASRE BE DA X
R, LA A AR 6 52 RN B8 IR AT 2T & R FH L
HEEE L,

GDEs HF5¢ LA [ B Az 25 /K SCEAIFFE IR 40,
[F) /8, AR T K A A 2 2R G A e AR
T DA G A IR I AR, G v R I
SETT AR A e 2 W L 5%, 3 2ot 3 SRR T B 58 K
T AR AR i b T K YA 25 R GRS, I
AT L a5 H K 15 7] (http:/www.bom.gov.au/water/
groundwater/gde), i JEAR 58 T 4 FEHR RS L T 7K Y
H: 5 2GR (Miinch and Conrad, 2007), 36 [ H
AT A JLASH IR T 2 T4, i (Howard
et al., 2010) . M #) X 4 %5 (Brown et al., 2011) .
i 7 DX 30U 1 R AR b T K B AE R R S IX
R TAEGE 2 ., BATE A N TAERZ REPTE
St B (ARG M R K LA 25 R SRR )

X T XSO N K 5B ER, A2
ST KA BRI 5 NDVI S W 56 B 1 6 &,
DA KA HH PR AR Ay A X i K AR A T A 40 1)
RorFabR, BT T — @ SCR (S HEURSE, 2013; 52241
% 2019; Wang et al., 2021) . X AI3k(R % (2014) 4R
Pt 398 O R B NS K R ST T R AR A R, T M
KA AR A S AEGE D R A e SR, A AT
R K AR S R K . S . b AR
RIZEIR R R A K, B— I 8 b AN A 4 T e
PPN A0 T K R, PRI, A S22 R
LAV bR, IEATLE A VR, AR R PEA (A B
PERERGE . B AT 5 iR R R R AR, 7E
GIS & 47255 408 (Eamus et al., 2015),
MZHFEFRAUTE NDVI, G | 28 1R 55 e 5
= BT8R (Gou et al., 2015; Glanville et al., 2016;
Yin etal., 2021), FIFH L BRI T K733 R 55 1
TEEZS 510 2O s M X 52 . AR SCLAER
IR 22 34 e DRI S SRl ek R A 9 X, R S A
A BTN N S ES S 07 i5: ) iU T B
G XA R i, D T 5k TR X TR K
G LR S ES R B R SRR AR

ATV T GDEs M W tE S 8L £,
T S0 R R 158 Fa AH DG SCHR AR, f T A 5% i
1T 20 T PP GDEs 43+ 194545 (Tongel et
al., 2022), K5 Ay 2 e s e R AE A 280 (b 5w
T AR AR AR ) o BR Tk S s et 3R
ZHLRIFEARAN, B A KA HEER . T R
ZEHUR X 2R AU 2 VU GDEs 43+ i B 2445
#5 (Eamus and Froend, 2006; Liu et al., 2021; Song et
al., 2021) . [RIILE5 A J b b > T 52 X9 52 Bl
B0, DL SRR (%) AT R A5 R0 ] A FAE, AR B UK A7
HROK) . BRI (1) | 288U (R0 A o
JE (A A VFAN 28046 b, J8 0 255 T il 2
GDEs W44 525 [a] 734 o

2 WEFEIXAR

VA A G 5 A7 T B Y 3 e P i R R 2 1
JEL, PR E N 108°38 'E~109°19 'E, 38°02 'N~38°
SN, FBA A 2600 km?, Mo APt + 5 5 5 ¢
B Y T Z [AlRE PEAT . A X IR 1100~1440 m,
M R AP R, s o T S i
b NS RSN R N 3 SR (I R T 2 = &2
(1), e RAXT R 222020 500 mo X P RERIFR 2D,
LA 2 350 mm, AEPRARAL K, FIKAE
FK IR K AR Y 2~4 %5 (TR 7655, 2015) . FRK
BAE PR I MBS, 405 2K E
70%. X NZEKIREL, Z V478 & & 2100
mm (1 ES G EHE M http:/data.cma.cn) , J& LAY )
T BAUME L WFIE X ) F B TR e, kTG
TSR, 41K 85 km, ZAF-FHIR R EL N 0.8 /4 m’
(RIAERERE, 2021) o HBFIK ZRBR THFRAR, X N4
AR Z B/ NESIIE , — O B S KB M KR
B F AR AL RIE B, LU R 221 M o i
WA 5 FEA (A R UASE, 2013) . XML TR 7K
IR HEERAS TR, M K SHU N OK R Y], R
K FEZEWAE T4 1O 2 LB 5 7K )2 R0 2 2R 2B AL
B K 2, P 22 A X K2, f gt —
B R B K AR (6 A 55, 2007) o X R B DL 2 AR
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Table 1 Indices and their classification of groundwater dependent ecosystems assessments
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Table 2 Index classification of comprehensive groundwater dependent ecosystems assessments
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(DA T E R W 25775 A1 (SDAM) .

(2)EAREERIALA, THE SERIME ) I 25
)57 (SDCM.ALL) .

) itE I EZUEME” (GVF), BI: GVF=
(SDAM-SCDM)/ SDAM. GVF FY{EETE 0~1, 1 %
ANLE AT, 0 FoRPIA 2

FiAN, BE AR AR, v DL R B Y
KIS 22 Ab, X Be T 54 2 4b Al Natural Breaks 77
R R B, XA 258 AR
4.2 ZEI/EITM

MR AR 2 30 53 MR AR B2 G0 , 45 30V I SR AT i
SIAE B ) BT KO AR A X IR (1] 6) o S5 R 3R
HH, AR v P DX S 0 A A Tk i 3
AR T B AL R Z e DX P P T e X s A
2%, R K T sh g, X s K A7 RN, oK
TR AR 340 A R o s e Vb 4 L TP TR
IR KRR T, AR KA K AR M A K
SEHINEE T A 53 A 5 B K, BRI A2 IX S A X6 b T
IR PR RR BE V SR TRTT iE AZ T R YD 5
T T R K A HEME R, 8K )2 R s TR
A, Ho R IR A7 SRR, AE B AR 2 E LRIk e T K
T, AR X AR A b T 7K, PR DX SR ) b
IR BB RE BE AR . T A% DX BT iy, b AR 3
TR/IN, R0 T 6 A, Rt X b T KR AR R

R A A 0T b T KA R B DA 2 R K S 3
P50, S R P, AR b T AR B R v Y
XA & A 0.9%, FH9°N 9.3%, HAERA 20.2%,

x3 ARRTEXBSR
Table 3 Classification of soil type in the study area
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TR
Soil types
classification
i+
I (Sandy soil etc)
[ o tas)
1I (Loessal soil etc)
[0 1 (oAb B - 2%
III (Sandy chestnut soil etc)
I v (1R %)

IV (Erosive loess etc)

| NS

V (Sandy marsh soil etc)

0 5 10

MR R e |
Fig.3 Classification of soil types in the Hailiutu River
Catchment

KN 48.3%, EH AN 21.3%, WML A H
A 5% DX P9 T K AR S R g AR U
10%. HIABFFEHFEBH, Hikb T 22k T R IX 2R /R
Z W L, A A 5K B2 R e (5
2,2009) o WFFE X P AL A T ACRIHR 43 HE AR5
T 7K (BEEAFRIRZE, 2017), X Sefk#h T 7K
A A, 76 TR 22 32 SRR R /KT B 38K,
X = FEK A AT B K & 5 80% LA L (Yin et
al., 2015),

5 PP OT IR BRI AT R A R IRIE

51 EMFEEEYES
AU R FH R G B3 s 004 T U BE 437, VPN
MR LR BT TR B2 . AR T
(DET 2RI TR LR G2 RIEITM 4
G 25 TR P 55 90 i A DX a3 A T AR o 3
SHERBA ST .

W EEE TR % e
Vegetation coverage
classification

1 <10
[ Jm@ao~30
[ m (30~45)
B v (45~60)
B vV (>60)

Pl 4 9 it S T i Sl U7 8 B Sy DX T
Fig.4 Classification of vegetation coverage in the Hailiutu
River Catchment

Q) BERFA VRO AR, BT R LS 4R 4L,
GEit A ORI BE S5 I 7 DX 23 A1 T AR o
AR 0 H (V)

GIRIEA(2) E S TFH TR U (S),
AL I BB AR PR SR (V) R T 42
PR PR PPOT AR (U) 922 504, ARGV 2545 b
ARURRE o S BOR, RIASIBRIZ PP R b5, 24K
LS5 2 (8] AT AL ABOR, I FE R A SUR L B 7

I R P
s_ngyw U, (2)

b, VRES R — AP e bR TR 2R A
P HREG U RERAH s bt B R 2R S I 4R
B i ARRATLE G n ACFRMTL B FHAAL,
AR, n=5; V ARRBIBR— 1), #A408
PERESEGUITE IR 5 [ U, AERF 28R
PR AR R, AR E S I DAY TR 5 L

MRS LR, U HE R O S B> (37
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FERUR 5 9% /(mm/d)
Evapotranspiration
classification

112
[ Joaa2~21
[ me1~3.0
B v 3.0~4.9)
BV 49

P 5 T SRR R IR S5 9 DX R
Fig.5 Classification of evapotranspiration in the Hailiutu River
Catchment

MRS ZR U 25 B (B 7)) 6

[F) B R B — TP FE AR EZ S5, AR OB K
FFERE Ay X E (& 8) o X ELZR BT 7 X K AT &
5Bk IR AR PR 205, £ MO B A5 2
23 (8] o3 A A8 Ak fe ok 02, U T IS AR AR ) Uk
FE iy o KA MR Z, T AR B 78 55 BE XTI 45 51
SEM g/, BB B i eAh, BIBR R AV ZE
HCEPIAH T2 )5, FIH ArcGIS H# Band collection
statistics A5, X 7K (o7 35 R RIAR 4 55 55 B TR )2 AT
ARSI BT, 153 ARG R R 0.294, RIITEE AN
B 2 T A OGP E AN

T HERAE— R SRS SR KR
FoK 53 55— R R, fi@%gﬁ.§Xﬂ‘E%ﬁﬁ’J
LRARE, R, IR AR 0 BB B, AR
— MR . KA IR AR A R EE R Iﬁﬁfﬁ
IRASE RS2 HE B AR b T AR B 1) s o I e L
HHZE . R T HIBRHUREE a5 =, Bk

-_'J._I.:

A

LAV R E 2
Grade of GDEs index
1 AR (R<1.75
I Very Low (R<1.75)
[ & (.75<Rr<25)
I Low (1.75<R<2.5)
[ mr h4 2.5<Rr<3.25) _.:'
III Moderate (2.5<<R<3.25)

B v E (325<R<4.0)

IV High (3.25<R<4.0)

BV EEE (R>4.0)

V Very High (R>4.0)

Pl 6 VU ST AT AR b KRR B2 43 DX &
Fig.6 Degree of groundwater dependent ecosystems in the
Hailiutu River Catchment

70
— GAH
Comprehensive assessment
60 — BB
Removing depth to water table
50 | — SRkt
Removing soil type
& — S BRHE R
40+ Removing vegetation coverage
1 — BlRAEHR o
=30l Removing evapotranspiration
=
20
10 |

B v )

MG S5 24

O n
TEEEAR) 1 d%) IV ()

7 PR R B2 2R
Fig.7 Sensitivity analysis of groundwater dependent
ecosystems assessment
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I Very Low (R<1.75)
[ fxa.75<r<25)
II Low (1.75<R<2.5) W I
[ hs 2.5<r<3.25)

III Moderate (2.5<R<3.25)
B v s (3.25<R<4.0)
IV High (3.25<R<4.0)
Bl v T (R>40)

V Very High (R>4.0)

I Very Low (R<1.75) H
[ e a.75<r<25)
Il Low (1.75<R<2.5) .
[ m s 2.5<Rr<3.25)
III Moderate (2.5<R<3.25)
B v (325<R<4.0)
IV High (3.25<R<4.0)
BV e (R>4.0)

V Very High (R>4.0)

LAV R EU R
Grade of GDEs ind
1 iR (R<1.75
I Very Low (R<1.75)
[Ju i (.75<r<2.5)
I Low (1.75<R<2.5)
[ m 4% 25<r<325) ‘E
1 Moderate (2.5<<R<3.25) -
B v i (3.25<R<4.0)
IV High (3.25<R<4.0)
BV e (R>40)
V Very High (R>4.0)

LA TP R AL
Grade of GDEs inde
1 s R<175)
I Very Low (R<1.75) N
[u & (1.75<Rr<25)

1T Low (1.75<R<2.5) ;
[ m % 2 5<r<325)7
1 Moderate (2.5<<R<3.25)
B v i (325<R<4.0)
IV High (3.25<R<4.0)
BV e (R>4.0)

V Very High (R>4.0)

&l 8 A AEAREZ AN U BT 2
a—SIBRAK ARG b—HER IR AR HOM 32 d—BIFRZERR
Fig.8 Groundwater dependent ecosystems assessment by removing one index
a—Removing depth to water table; b—Removing soil type; c-Removing vegetation coverage; d—Removing evapotranspiration
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5.2 JEM &R 3T ELISHIE

AR KAIE 3 ZE R AT A IR TAE, 72 H
A T v A0 RS b R K AR S R G L X T
XF H o BURARADLAN [R] 43 2 43 B 5% 2 B, A7 Tk
DA ) A AT A BE XD YR TR 2 TR YR AN R A e X
LR K Y M IX, 5—7 T Ta] MR K Y 50% LA
ok AR K (Yin et al., 2015) . ASRIFH 45 2
AH, XA DX TR R (X

PR R I, 76 B SR VPBIHLIX, K7
G/NT 1 m B, B] DL 2 BH 5 A0 B % 3, X i
B A B X MR K B AT — 5 B9 K P (Jia et al.,
2021) o ARHEAS Y HL T K R PR PR 2R R R NS5 A 1T
Wras Bnl A, H R KA R < 2 m Al X UL 4B
J& FAEBO H T /K A X, Xt 5 AT AWF I
IR VR 5 R 1 56 R T4 I 2518 FE AR — B, R
K R XA B R R AW R (AR A
2017) o Xt HUAF T IX AU B 5 F8 v R A AR SCAF 75 th 3R
BT, 80 200 M X A7 AR AR b T K AV, 243 R K
IKAIRZR/NT 1.5 m B, R0 A FH R KA R KR
GBXHA, 2021) o MRAEAKITAT 253, ZEWFFR IXALER,
HLAFLERE BT 1 7K AR B 5 A DX

UL LB X b DL R 255 27 5 PN 45 R T LU
PS5 SR H AR B iR 7K Ao 2 PR i e e 7 o
JFE B VAN SRS AR A AT FE . Wnag AR NDVI 5
Hi R KA VR B 56 28 05 R KA R AE 10 m LA
AR PR A T g 5 bR K AT OC & (L et al., 2013),
Az L AP DB 378 R PR A A b R K A A A0 0 A X R R
Ko MHMAR BTN 25 TR, A 0] AR L X Jf:
A 2 A M T K AR B 43 A1 X, A NDVI A
X, A—E R R KA RS, i B
AR R BUAE MR KA A K R 3 M, VDS )
T w5 B AR, W R K R R A KA R R,
PR R AT N B AR 5 22 B, R /K 2V R A T I 3 NDVI
TR BF I R 2 (FF 445, 2015) o ARIRBFFT 25 1
FEA, LS8 A T K AR T o 1 T AR G A
JIN, XU BT B SR R ER R KNG TR B 5
K, X S ET AR T4 R R — 2

6 4t

(DA T —Ffra] AP DX o0k T K
TURE JEE FR5BT 5k, 27k T i >R R U R 7K o7 1

W, B T RIAZKEUL | AR 55 A
K. R A BPER R AR T R AR T
K R BE R X 3 3 A 25 B 0P o PP 25 SR I
UEFR I, 125 1% A ASUAR 8 1 7K A7 MO sl e 7
o AR B R IEA S R AR AT 5

(2) LASRIR 22 8 e J 0 8 S i) i 38k 7 3 X T
JB T VFAY, 45 932 AR T KRR B IR v A LA
A HE X AR 5 EE R 10.2%, HEER) R 20.2%, R
EHARII R 69.6%. HARUA ML 7K i A= 28 R G0
A7 TS K, (ER R T 3 R KSR TR A A KR,
Rt R £, A EEMNAESE L.

(3) VA 25 S AE 25 (B) B T i T K AR
RGERTE I, ST MR 7K R e AR XN B B
TE &R FH LT K, Gk AL T BR800 A IR 1k,
PEM &5 L0 T /K G A BT 22 1) A AR 25 A s
FHATEEMIE TR
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