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Ecological service value multi-dimensional evaluation and optimization of typical
sand fixation land governance modes in the middle reaches of the Heihe river

Zhao Yuhong', He Yongyan', Chen Bin', Mu Haohua', Lei Jun', Zhao Ming', Wu Longqing', Ma Yajic®, Li Jingchao®, Zeng Wang;'

(1. Gansu Qilian Mountain Water Source Conservation Forest Research Institute, Zhangye 734000, Gansu, China;
2. Zhangye Forestry Science Institute, Zhangye 734000, Gansu, China; 3. Zhangye City Grassland Work Station, Zhangye 734000, Gansu, China)

Abstract: [Objective] To reveal the spatial differentiation law of the ecological service value of typical sand-land governance modes
in the middle reaches of the Heihe river, the characteristics of the adaptability of the six sand-land governance modes, and to provide a
scientific basis for the optimization of the models and spatial optimization allocation of regional sand-land governance, and to promote
the maximization of ecological restoration benefits and regional sustainable development. [ Method] This study analyzed the spatial
differentiation characteristics of different governance modes through the processes of questionnaire survey, expert scoring, literature
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review, field investigation, indoor detection and data analysis. A multi-level ecological service value assessment mode for governance
patterns was constructed based on the principles of the Analytic Hierarchy Process (AHP) to determine the weights of evaluation
indicators. According to the weighted quantitative scoring and ranking of the 11 indicators in the evaluation system with 5 dimensions,
the governance effect, economic benefit, and service value of the land desertification governance modes in the study area are analyzed
and evaluated, and the preferred modes are selected. [Result] 1) The ecological service values of different modes exhibit significant
differences: the grape-based integrated mode stands out in economic value; the Haloxylon ammodendron-Cistanche deserticola
mode demonstrates the best ecological benefits; the Lycium barbarum complex mode shows good balance, with clear coordinated
development of economic and ecological benefits; the Jerusalem artichoke complex mode performs exceptionally well under specific
site conditions, achieving the highest soil improvement and water-saving efficiency among all modes, although its economic output is
relatively low; the Xanthoceras sorbifolium complex mode maintains balanced and stable performance across all indicators, lacking
outstanding advantages but being an ideal choice for transitional zones due to its drought tolerance and woody oilseed potential; the
ecological livestock farming mode delivers notable short-term benefits through a “forage-livestock-fertilizer” cycle that enables rapid
returns, though carrying capacity must be strictly controlled; 2) Based on the comprehensive evaluation of ecological service value
based on AHP, the order of the ecological service value scores of the 6 ecological governance modes is: Haloxylon ammodendron-
Cistanche deserticola mode (comprehensive score of 88.9) > grape composite mode (85.6) > Jerusalem artichoke complex
mode (82.8) > Lycium barbarum complex mode (80.5) > ecological farming mode (78.6) > X. sorbifolia complex mode (75.2).
[ Conclusion] Different governance modes exhibit significant complementarity in their ecosystem service functions: the Haloxylon
ammodendron-Cistanche icola mode excels in ecological barrier function, the grape composite mode leads in economic output, and the
Jerusalem artichoke composite mode demonstrates excellent performance in saline-alkali improvement and water conservation, while
the remaining modes possess applicable value under specific site conditions. Based on multi-criteria comprehensive evaluation using the
AHP, the Haloxylon amodendron-Cistanche deserticola mode, the grape composite mode, and the Jerusalem artichoke composite mode
were selected as the optimal regional governance paradigms. Accordingly, a spatial scheme based on ecological functional zoning is
proposed: developing a Haloxylon ammodendron-Cistanche deserticola ecological-economic system in the transition, deploying water-
saving grape industries in the water-proximal zone, and promoting Jerusalem artichoke-Xanthoceras sorbifolia composite restoration in
the salt-alkali zone.
Keywords: midstream of the Heihe river; sand governance modes of desertified land; ecosystem service value; multi-dimensional
evaluation; mode optimization
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Table 1 Evaluation indicators and their survey quantification methods
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Table 4 Survey of the dominant governance modes in each county and district
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ARANE T W EAN: SOE RAEZE KR
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KA DA K
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H5%FR R EAMIERER. maEsCE R EK
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SRRV I FER . 5REY, WE+ K
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ANFAMEERA bR B E R E R,
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Table 5 The value of ecosystem services in each mode

HMEES BB - R |, e e mig agpn SOERES AEIHE
VR 4% e K Haloxylon ik {E;;f‘ﬁ %ths;jiﬁ R st
Evaluation Haa. Grape ammodendron- V . Xanthoceras  Ecological
. K Evaluation index . R barbarum artichoke s ;
dimension composite Cistanche sorbifolium farming
. complex mode complex mode
mode deserticola mode complex mode mode
55 XL T 78 5% /% 68+5 7246 A 65+4 60+7 63+5 58+6
Prevent wind and Mo HRE S /om 42+0.8 5612 A 3.8+0.6 3.54+0.9 4.0+0.7 3.0+0.5
consolidate sand . 7 5 g s ke 1o, 65+8 85+7 A 6049 55410 70+8 50412
o LAY A e S S )
ééy}‘fgjzgﬁ (Fit-hm?) 3525+630 A 21.75+4.65 27304570 14254270  18.75+420 25.20+5.25
Economic benefits
BN 1:28 A 1:2.1 1:23 1:1.5 1:1.9 1:25
- iﬁa > - .
. L RAR AU IGHR /% 170 210 A 185 230 A 150 120
Soil improvement
WERUEYREIE YR R 2254032  255+038 A 2.154+0.29 1.984+0.25 2.104£0.30  1.85+0.22
> b
im% m* B RPN /% 50 70 A 55 40 45 60
Biodiversity
B Z RS 1.854+0.21 2.05+0.25 A 1.78+0.19 1.65+0.18 1.724£020  1.92+0.23
IR B IR K /% 3244 25+3 2843 3845 A 3044 243
Water resources )
utilization IKALAE JE 7.240.8 8.110.9 A 7.0+0.7 6.840.9 75408 6.540.6

T AFRIRIZIRbRE A B NP ME + bRiEZ . A denotes the optimal value of the indicator; the data is the average + standard deviation.

HAEASGHEAMNETFNMERBARSE, 1AL
T FR AR P 35 P2 (B 75 35.25 J3 76 /hm®, N7 H B
(1:2.8) fESBRPAESE—, XEEME TR
TP 7T 55 P s B R e 5% 45 A () 99 2 R A K
SR, 1% A8 2O 7K BRI AR AR R, 1K AN
32%, FXHWAR, AR BRI R LA T K
IR R

AR - AR AR S R R A R
Z A T M W R A T2%, VD RS ISR Rk
85%, PINFA i E, o HUARE R B R v
Dhee. 1M LA LR IRIE 210%, [FE4E
FF 21.75 737G /hm® [ BT AL AE T34 7408, 450
TEAEA ST AT - SN AR R

MR E AR R, R&H
BIA G5B REAR B M2
VEAE SR N 55%, RHZ RS EUX 1.78,
BE TR B U 2R 10 2 X
JUR, R A A % (BL 1.5 mX2.0 m
RNED , DMREEAR N EAMEYIERKE .

HE R AR AR R ST AE F A B,
FLER T O RS CH ML IR 230%) ATk ER
(38%) ¥ & m A, HZ T AR B
(14.25 7370 /hm®) o WSS B, % =0 nfd

pH fH 8.5 LA #hluth (1) 4F i 2 2 4R+ 15%, il
5308 RAETCAE, DARELSEA IR

o RE G A S DR RE, BAR
O, EEm SRR (KR 4K 40%)
FOA A J R B A e Ay i I 7 ) BRAR R B, R
EENZE, ZEAIEMEESE 3 F4 2150 R
ek, PR LA CME ML

AR S TR A A A R, e - & - R
()8 P S IR U &, H 30 & B TR RS AR
10 547 /hm?® PUR, 38 i B R s | R AR AL
WA IR R, G A B R
HK 5% ~ 8%.

3.5 FRAFIFEREMME L MIRIRR N LIE

TEGRE SR ELRIE S & X VF0 A L,
I ZE R HTES S B R bR (GR6) .
PEA R 0 ~ 100 R0 18, R A SRS
BV R R 5 ANEREIL 11 ANER IR VE ),
gha AHP WRBUETHE, S 200 i Ik Ae 21 %45 X
MZRE15 5. FraEdEEE P < 0.05 98 3% %

A/ NIRRT g e B aHTE,

IR H
=

Fl, AR
iy 5E e i BEAR OMM MR I R
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Table 6 The weight of each evaluation index and the consistency ratio of the ecological service value of each mode

R . HEFE . - . ey
Ve RE EEHE B HRAL — etk L Fa L
. . . Dimension L . L . . Comprehensive
Evaluation dimension . Evaluation index Weight of indicators Consistency ratio .
weight weight
WIER MR KA R E 0.3773 0.100 8
ATRURRIA 0.2370 - 0.050 1 < 0.1
Water resources utilization KR 0.626 7 0.136 2
2R 0.289 1 0.039 1
JEA=H
AT FEE 0.143 8 TP+ R 0.4107 0.0329 < 0.1 0.0619
Biodiversity
IR Z R 0.300 2 0.042 8
+IE R Soil improvement 0.228 2 EERiING i s 1.000 0 0.0000 < 0.1 0.2282
e e BT TR 0.434 2 0.064 3
LR 0.162 7 g 0.0307 < 0.1
Economic benefits BN 0.565 8 0.098 4
Iy P 2 52h b 22 ek 2%
57 RUE W RS B g A 0.2169 0.065 8
Prevent wind and consolidate 0.228 3 HuZRERE P 0.388 5 0.0225 < 0.1 0.072 6
sand TR 5 0.394 6 0.089 9
#x71 SEAGFEEIRHARF
Table 7 Comprehensive scores and ranking of each mode
iR KA AR B2 R et e A I,
e o \, 52K b hels Dy
L WAk Gomd  deg OOl g APV
. Lo Increase in bird . Inorganic matter
Mode Water-saving rate water level Biodiversity of . Plant species
- . species . content
stability insects richness
TR - PIRE AR
Haloxylon ammodendron- 92.3 86.3 85.9 76.5 76.8 78.5
Cistanche deserticola mode
P 7 AT
ﬁgjgnﬁﬁ 82.5 82.6 84.6 75.9 79.1 80.6
Grape composite mode
A A
HF LGB Jerusalem 80.1 88.6 88.2 56.8 56.8 82.8
artichoke complex mode
s .
FIRRSL O Lycium 88.9 85.7 76.6 72.9 72.9 77.9
barbarum complex mode
AT
LT 83.5 78.9 80.7 775 775 83.9
Ecological farming mode
Ny P )
RGN Xanthoceras 81.6 85.8 78.4 776 77.6 71.5
sorbifolium complex mode
AL H AR s W I AR — . LR8Iy
e o i N h s 7E 2
T 7718 Annual BN J# % The rate of HOAHLBE R *E%&Eﬂ?ﬂg Compre- HEy
Return on Surface Vegetation . .
Mode average output . dune movement hensive Sorting
. mvestment roughness coverage
value per unit area slows score
M - PRE AR
Haloxylon ammodendron- 85.9 90.6 88.3 86.3 89.1 88.9 1
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e e A
MR ”T%ﬁ 88.6 89.4 87.6 87.5 86.4 85.6 2
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=+ I
A1 Jerusalem 86.0 85.7 85.5 87.8 76.2 82.8 3
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oA A .
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e A )
LRGN Xanthoceras 84.6 82.8 85.9 84.9 82.1 752 6

sorbifolium complex mode

B - W R AR R R 2N A2 mX2m MEEHRE, BE3FERERE, BT
(AlIK 5 ~ 8 m) FIPIACE 25 A AR Kpf i B2, TRbE T AR DIRe, NYERF T &TF T Reslte. 1EK
Z A5 DB U VD ThRE S HH 5] 44, AR 4 7 5 P 4F TRURORBE X 3 (R WEBL AR, H KA A T
BTt 6.8%, Vb R &) KA 85%, RINE  3m) , MM EEEEAHEA. iz
If 25 8 A = S2 B 21.75 3 96 /hm’ ) 45 IR 3 CHIE ARSI O B =Jugs i, mr sl
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46 3%

A2 S A s AN e O 155
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AR PR B 2 A (it 25 B fE
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