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Table 1 Index system and weight of ecosystem health assessment
in Shiyang River Basin
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Table 2  Classification standard of EHI in Shiyang River Basin
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Fig.4 Changes of social economy, water use structure and agricultural and rural development in Shiyang River Basin
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Fig.5 Temporal and spatial variation trend of Gross Primary Productivity (GPP) in Shiyang River Basin
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Table 3 Land use and change ratio in Shiyang River Basin
N A L 7 2 LA 304

Land-use ratio in each year/% Change/H 7} &

2000 2005 2007 2010 2015 2020 2000—2007 2007—2020

ISR
Land-use type

HHth Cropland 13.16 13.69 1391 13.42 1352 13.73  +0.75 -0.18
M Forest 252 245 246 245 264 276  —0.06 +0.30
i Grassland 36.08 37.15 36.99 37.46 37.43 3644  +0.91 -0.55
JKAK Water 024 054 057 0.56 034 030  +0.33 -0.27
W City 003 0.04 005 006 007 009  +0.02 +0.04
3iHh Barren  47.97 46.13 46.02 46.05 46.00 46.68  —1.95 +0.66
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a. Flow direction of land use change in Shiyang River Basin from 2000 to 2020
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b. Spatial distribution of land use change in Shiyang River Basin from
2007 to 2020
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Fig.6 Flow direction and spatial distribution of land use types in
Shiyang River Basin
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R4 AFAREEITHRXE EHI XITR
Table 4 EHI and classification (CC) of Shiyang River Basin administrative region

PR RMM MK RBE ARE RRI ER SEW #ix  kBE
FEfry Basin Wuwei Liangzhou Mingin Gulang Tianzhu Sunan Jinchang Jinchuan Yongchang
Years

EHI ‘Tféi EHI ‘E% EHI ‘Eég‘ EHI ‘Tféi EHI ‘Tféi EHI ‘ng‘ EHI ‘Eé& EHI {F4{CC EHI ‘E% EHI ‘Eég‘
2008 0350 IV 0354 IV 0371 IV 0302 IV 0422 I 0472 II 0491 10 0287 V 0295 V 0282 V
2009 033 IV 0342 IV 0328 IV 0303 IV 0408 I 0454 I 0468 II 02600 V 0273 V 0252 V
2010 0355 IV 0359 IV 0350 IV 0318 IV 0412 I 0492 II 0508 II 0283 V 0335 [V 0248 V
2011 0372 IV 038 IV 0358 IV 0340 IV 0478 Il 0489 I 0512 I 0276 V 0298 V 020 V
2012 0405 Il 0419 1M 0382 IV 038 IV 048 I 0549 I 0582 I 0295 V 0300 IV 021 V
2013 0370 IV 0375 IV 0369 IV 0345 IV 0393 IV 0478 I 0504 I 0304 IV 0267 V 0331 IV
2014 0392 IV 0393 IV 038 IV 0357 IV 0417 NI 053 1 055 1 0333 IV 0310 IV 035 I
2015 0400 I 0403 I 038 IV 0379 IV 0409 MI 0511 1 0537 1 0340 IV 0315 IV 0357 IV
2016 0409 Il 0411 I 0382 IV 038 IV 0430 III 0545 I 0577 I 0342 IV 0297 V 0373 [V
2017 0400 I 0382 IV 0379 IV 0316 IV 0433 I 0626 [ 0654 1 0371 IV 0305 [V 0417 II
2018 0412 I 0400 II 0397 IV 0352 IV 0420 MI 0598 1 0626 [ 0375 IV 0364 IV 038 IV
2019 0415 I 0413 I 0418 II 0357 IV 0451 NI 0611 I 0648 1 0353 IV 0283 V 0401 1o

K 7 FRBEFIX 2008—2019 4F # SR LZE SR TR
BRI 2 AR, Ik AR AR R R I
LV Ik e S o N S T MA T P A E R e B L e B
WENCEE, N REFEENRMOGE, K BE S 16.1%
) GPP 5 11.6% 7K BT KA 2 2z X ISR S IR 1
FETTERIE R RIS BRI /K s X S8R RS, 5
KGR A PR B E AR B —E K. &)X IR

4y %% Classification 43 4% Classification

[0 MAxHit HéRelatively healthy (>0.5~0.57)
[ 2% HéMedium healthy (>0.4~0.5)

[ 4853 Ak éRelatively unhealthy (>0.3~0.4)
I £ {i# # Unhealthy (0.23~0.3)

N

A

0 30 60km\_,
| S E— y

a BB ARG EFITN (2008 4
a. Ecosystem healthy assessment (2008)

B (i HEHealthy (>0.6~0.75)

[ HXHik HERelatively healthy (>0.5~0.6)

[ 454k FEMedium healthy (>0.4~0.5)

[0 FAR$ A (i HéRelatively unhealthy (>0.3~0.4)
I £ (4% ¢ Unhealthy (0.26~0.3)

b. B RGUEHEEN (2019 )
b. Ecosystem healthy assessment (2019)

BAB RGN TSR I AR, #H AR AT
W R EFrER e o, AR T AR X . Hor#t
MR 5k 5 XA K BRI, SEESRIARE. K
VHEHFEA TR AR, WA A K IR A & /30 GDP
IKFESE, HBL—@MBib. A2EAE GPP. TVDI 4R
Fr IR ORI, B RS R R A8 15 2 2R R
8, HAIRE TAREMEERE 5 RO s 25

43 2% Classification
B 73 GE Significant improvement (>0.005)
[ 4% % 3% Slight improvement (>0.003~0.005)
[ Fas& Stabilization (>-0.003~0.003)
[0 4% 14T AL Slight deterioration (>-0.005~-0.003)
I 7 2 (L Significant deterioration (0.005) ___

g !

€. 2008—2019 4 H AR EEE TP
c. Comprehensive evaluation of the Key Master Plan
from 2008 to 2019

B 7 &BFTARELREEESTN LA
Fig.7 Comprehensive evaluation and classification of the Key Master Plan in Shiyang River Basin
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Evaluating the comprehensive effects of the Key Master Plan of the
Shiyang River Basin in arid areas of northwest China

1,25

Gou Tianyu'?, Tong Ling!?*, Kang Dekui®, He Yujiang®, Wang Wanzhen?, Kang Shaozhong'?, Fu Jing'?
(1. Center for Agricultural Water Research in China, China Agricultural University, Beijing 100083, China; 2. National Field Scientific

Observation and Research Station on Efficient Water Use of Oasis Agriculture in Wuwei of Gansu Province, Wuwei 733009, China;
3. Shiyang River Basin Water Resource Utilization Center of Gansu Provincial Water Department, Wuwei 733000, China)

Abstract: An ecological environment in arid areas is continuously deteriorating faster than expected, particularly under the
dual influence of global climate and human activities. Active ecological restoration projects can be effective ways to curb
ecological degradation. An accurate and rapid evaluation of ecological restoration projects can also greatly contribute to the
decision-making on ecological restoration measures in arid areas in the future. For instance, the Key Master Plan of Shiyang
River Basin was launched in the arid area of northwest China in 2007, in order to promote water use efficiency and regional
ecological environment. Taking the Key Master Plan of Shiyang River Basin as the research object, this study aims to
determine the typical indicators (including the ecology, climate, hydrology, and social economy) before and after the
implementation of the project. An evaluation system of comprehensive effect was also established suitable for the regional
ecological restoration projects using the pressure-state-response framework. The analytic hierarchy process was first used to
determine the weight of indicators by integrating the opinions of decision-makers and experts. Then, the ecosystem restoration
was quantitatively evaluated to clarify the positive impacts and potential risks. The results showed that the climate of the
Shiyang River basin presented a trend of warming and wetting, where the annual runoff of the Caiqi section increased to
4.01x10%m’. There was an increased over-exploitation of groundwater in the lower reaches of the basin, while the depth of
groundwater continued to decrease in the middle reaches. Furthermore, the sown area of crops remained stable in the basin
except in Yongchang County. At the same time, the irrigation water consumption decreased year by year, with an average
annual decrease of 1.51%. Specifically, the water-saving irrigation area reached 23.99x10% hm® in 2020. 94.6% of the regions
showed an increasing trend of Gross Primary Productivity (GPP), which was mainly concentrated on the banks of the Shiyang
River and the vicinity of Qingtu Lake. By contrast, the vegetation showed a trend of recovery in the mountainous areas of the
upper reaches. The cropland expansion and woodland shrinking were alleviated to reduce the scale of grassland, where the
wasteland was the fastest growing land type after the implementation of land management. The evaluation index of Jinchang
City (Grade IV 0.353) increased faster than that of Wuwei City (Grade III 0.413), indicating a positive evolution. There was a
significant increase in the comprehensive evaluation of the Key Master Plan in the middle and upper reaches of the basin, as
well as the coastal areas of Shiyang River, while only a slight increase was found in the lower reaches of Mingin County. The
GPP (16.1%) and the utilization ratio of water resources (11.6%) were the main contribution indexes of ecological restoration
in this region. Therefore, the water resource allocation can be expected to timely adjust in the follow-up planning of the Key
Master Plan, according to social and economic development. Groundwater monitoring and water right trading should also be
adopted to limit the increase in agricultural water use. The finding can also provide scientific suggestions for the
decision-making on the measures in the next stage of ecological restoration in the arid areas.

Keywords: water resources; runoff; groundwater; the Key Master Plan of Shiyang River Basin; ecological restoration;
cross-basin water transfer; comprehensive evaluation
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