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Reasonable target and restoration strategies of vegetation restoration in a water

conservation area of the upper Yellow River Basin

CAO Ying, ZENG Biao ™, ZHANG Fuguang, JIANG Rong, SHEN Yanqi
College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China

Abstract; Setting scientifically reasonable target of vegetation restoration, formulating appropriate and feasible restoration
strategies,, and maximizing the carbon sequestration benefits of vegetation restoration are of utmost importance in improving
the effectiveness of ecological restoration. In this paper, we focused on a key ecological function area of the water
conservation area of the upper Yellow River Basin. The Improved Integrated Biosphere Simulator (IBIS;) model was used to
simulate the potential vegetation state under the average climatic condition of the last ten years by using the current actual
vegetation state as the boundary condition. And the short—term reasonable target of vegetation restoration in the study area
was set based on the net primary productivity in the potential vegetation state, and the potential improvement of carbon
sequestration due to vegetation restoration was then estimated. On the basis of this, priority areas were identified by
assessing the degree of damage to the vegetation, and the vegetation restoration strategies for different regions were classified
based on the analysis of the ecological resilience and the trend of the actual vegetation change. The results showed that; (1)
The average restoration target value for vegetation net primary productivity in the water conservation area of the upper Yellow
River Basin was 295.4 ¢C m™ a™', with a potential increase of 7.18% over the current vegetation status. (2) Under the
current restoration target, the potential improvement of carbon sequestration in the study area had obviously spatial

variability. The areas with significant carbon sequestration potential through vegetation restoration were mainly distributed in
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the areas above the Longyangxia reservoir and the upper Tao River-Daxia River Basin, accounting for about 60% of the total
area. (3) The vegetation restoration strategy in the study area should prioritize conservation and natural restoration.
Meanwhile, for key restoration regions such as the northern bank of the Yellow River above the Jimai hydrological station,
the Gonghe Basin, the Longyangxia reservoir area, the Guinan sand, and some areas of the Yellow River-Huangshui River
valley, the implementation of supplementary artificial restoration measures should effectively support the restoration process.
The research findings can provide a scientific basis and decision support for locally tailored vegetation restoration measures,
enabling them to be conducted in an appropriate and context-specific manner. In addition, the study can provide valuable

insights and methodological references for ecological restoration planning in other regions.

Key Words: vegetation restoration; potential improvement of carbon sequestration; IBIS; model; net primary productivity ;
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Table 1 Data sources used in the study
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Table 2 Key parameters of the model

ZH0 Parameter RINE Default value & 1E1E Revised value
TR TIRERY A F R EF TR (TCE) IR I& T R A (TBD) |t

12 FRERIA PFT Iy R AR (BCE) AL F7 75 4175 K (BCD) 7%
MEAR(DS) .C3 B C4 B

Plant function types

Lt AR TCE: 12.5, TBD: 25.0, BCE: 12.5, BCD:
Specific leaf area/(m?/kg) 25.0, DS: 25.0, €3:20.0, C4:20.0

TCE: 0.015, TBD: 0.015, BCE: 0.015,

BCD: 0.015, DS: 0.015, C3:0.015, C4: DS: 0.010, C3:0.010, C4:0.005
0.010

C3:15.0, C4:15.0

DRERIES

Leaf respiration coefficient

PFT . HE#EZIRERY Plant function type; TCE ; 7 & £R £ 1 FR A Temperate conifer evergreen trees; TBD : i 75 M & 7+ K Temperate broadleaf
deciduous trees; BCE ;b 77 & Z& 41 ' 75 K Boreal conifer evergreen trees; BCD: db 75 ¥ M- 41 7% &K Boreal conifer deciduous trees; DS ¥ M- ¥ K

Deciduous shrubs
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Fig.3 Flowchart of the research ideas
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Table 3 Ecological resilience evaluation index system and weight assignment
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SRR A 0.068 EF(+)

HBY MW B 0.076 ER(+)

VRS USRI A 0.133 k(=)
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i 0.078 TE(+)
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Table 4 The formula for calculating the ecological resiliency and actual change trend of vegetation

PO I AN R
Evaluation attribute Computational formula Interpretation of variables
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Fig.4  Scatter plot of simulated NPP and monitored NPP at
validation sample sites
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Fig.5 Spatial distribution of NPP, and statistical values for sub-basin from 2011 to 2020
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Fig.6 Spatial distribution of ANPP,_, under the current vegetation restoration target
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Table 5 Area proportion of different VRPI levels in each sub—basin
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W E B NER(VRP]) ZE 5%
Fig.7 Spatial distribution of the VRPI

X iR 2 i AL e B [
Sub-basin Land-use type Low Medium-low Medium Medium-high High
T 22 35 ity £[X 24.75 35.90 23.71 14.71 0.93
Form the source of the Yellow Hh 26.00 35.54 24.37 13.61 0.48
River to Maqu bs: 37.84 40.09 20.62 1.37 0.09
it 16.84 51.19 20.68 9.39 1.91
FoAb AR A 3 9.61 13.70 16.73 51.99 7.97
o ih & Jr 2k £IX 30.60 32.73 24.13 9.23 3.33
From Maqu to Longyang Gorge L0 32.30 33.53 24.26 9.12 0.78
ps: 1) 29.40 39.31 29.32 1.94 0.03
T 48.42 29.17 15.20 7.21 0.00
FoAb AR M 15.54 17.07 17.13 23.21 27.06
Jo e 25 2 N £X 36.61 29.14 21.25 11.56 1.45
From Longyang Gorge to Lanzhou — HHli 36.23 28.82 21.89 11.67 1.39
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Fig.8 Spatial distribution of ecological resilience, NPP, interannual change rate and vegetation restoration strategy classification
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Table 6 Area proportion of different revegetation strategies in each sub-basin

WX R R RERS A A AL
Sub-basin Land-use type Conservatl(.)n and Nature-tl ASSISle(-i h(:ologlcaEl
protection restoration regeneration reconstruction
AT 2 1 il £X 17.29 65.19 17.32 0.19
Form the source of the Yellow b 17.63 65.45 16.76 0.15
River to Maqu Ml 22.43 75.14 2.41 0.02
1 9.91 83.18 6.91 0.00
oA A FH b 18.87 26.60 53.15 1.38
ST ESy e T 42X 34.05 40.75 22.54 2.66
From Maqu to Longyang Gorge =) 36.10 40.53 22.02 1.36
IS 22.50 59.61 17.53 0.36
binEi) 27.11 60.93 11.36 0.60
A A A FH b 35.94 12.35 36.67 15.04
T Zge 25 2 ) £X 68.54 8.21 20.64 2.62
From Longyang Gorge to Lanzhou B, 65.91 8.32 23.05 2.72
IS 82.57 8.42 8.54 0.47
bivE: ) 51.32 11.64 33.33 3.70
HoA A T 1 56.46 4.06 28.23 11.25
ISEPN=RE Nk 2X 36.73 52.96 10.03 0.29
Tao River-Daxia River Basin Hih 35.73 52.96 10.96 0.35
L 38.40 54.10 7.37 0.13
1 48.48 50.91 0.61 0.00
oAb A A FH b 29.33 28.13 41.35 1.20
TR K i 4k AX 76.37 12.46 10.47 0.70
Huangshui River Basin Fi it 76.93 10.85 11.61 0.60
N 78.98 16.25 4.69 0.08
TS 63.58 24.84 11.37 0.21
HoA A T 1 69.68 12.09 15.76 2.46
4 g

TECA BIARSCHTTE P AR A 2 AR AR 22 S RS AR DL A 58 SO o i 25— Bemh ) Ak # o0
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