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Abstract: The concept of a community of life in the mountains, rivers, forests, farmlands, lakes, grasses and sands is an
important guideline for the implementation of ecological civilization in China. Nature-based Solutions ( NbS) integrates
social, economic, and ecological benefits, to address diversified challenges and realize sustainable management of socio-
ecological systems, which is highly compatible with the concept of life community in China. The ecological security pattern
is an effective tool for integrating ecological elements and optimizing spatial allocation. In this study, the Huangfu River sub-

watershed on the Loess Plateau gully region was taken as the study area, and a “risk-pattern-path” ecological restoration
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framework guided by NbS was proposed. Based on the landscape ecological risk assessment, we diagnosed the ecosystem
problems in the watershed, constructed a source-corridor-node ecological security pattern, and designed the “restoration
measures-ecological benefits-human well-being” ecological restoration framework in accordance with the eight NbS criteria.
The logical relationship of “element-problem-criterion-strategy” was established to realize the spatial location of the NbS
restoration pathway of all elements. The results show that: (1) The landscape ecological risk of Huangfu River sub-
watershed has significant spatial differentiation, with high risk around the main stream and the southern part of the
watershed. The area of high risk, medium risk, and low risk accounted for 21.43%, 25.56% , and 53.01% of the whole
area, respectively. (2) There were 18 ecological sources, 153 ecological corridors and 86 ecological nodes identified in the
watershed. The distribution of ecological sources and corridors is relatively uniform, while the distribution of ecological
nodes in the northwestern part of the watershed is relatively low. (3) The strategy of integrated conservation and systematic
management of mountain-river-forest-farmland-lake-grass-sand of “river channel renovation+slope and ditch co-management
+mine remodelling” was designed. A total of 80 restoration projects in 3 major categories and 10 minor categories were
arranged. (4) The restoration strategy has a total score of 86.04% in the NbS self-assessment, which is highly compatible
with the NbS criteria. Under the guidance of the NbS, the study makes use of the ecological security pattern for the
ecological process coupling and spatial layout synergy of the elements of mountains, rivers, forests, farmlands, dams and
grasses, which provides a useful practice for maintaining ecological security, managing systemic problems and realizing

sustainable development in the watershed.

Key Words:; NbS; mountain-river-forest-farmland-lake-grass-sand ; ecological restoration; ecological security pattern; the

Loess Plateau
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Fig.1 Location and land use in the study area
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Table 1 Landscape types vulnerability assignment and normalization
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Table 2 Landscape pattern index and its formula
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Fig.6 Ecological security pattern in the study area

3.3 T NbS B —IRIL ORI RN R G0 BRI

BRI AE/NRIE L 2w E B i K R 3 RS KA D BRI, AR SRR A H
R AE S A RIS STIRE . NI IE TG A% V6 S8 NbS B 5 k4%, e/ b ar it RIA B S s B T, 45
FEWB A S AR RESER AT ERX A S R R, wie o ER REmE, 2% &
SEEN AR AR SIS B R FE AR BRI S R R S B R E S AESBE TR, RV
“BLER - R - U] SR 2 R ) B R R R Rk A B A L KO I RE — (A Ak LR A R S B R B it
Fhl,

DAL ZOPR FH 0 24 iy S TR A R — (AR A 47 R 2R G834 B G2, X6 I8 H0F 9 X 28 JE 5 15 A = i A1) P 2 ) 40 A
KL 7E ArcGIS e # B R IFRIE R I FE XS, P 5A R L2 R T & nsrdr, TS ey
S SRR R s 1, 25 B R A m AR A S B SRR A B AR A SR OE L SE Y SRR LR
SEZEEE LSBT, EICEARE AR [R5 2 i AN ) ) 08 5 I T 34 0 B S 0] A 22 3R L 49
SR 43 HC 2 AR (R ), U AN [R) B 2R 1 58 2% ) L, 33— 20085 g 45 o DU T 32 S8 i e g ] X 7 7 b 285 o R

http ; //www.ecologica.cn



1220 xR 45 4

ARFHEN FEAE S R AR P 948 AR o L, UG e B S SR O 1) W JEE A, 1 52 SR 1) St ) 22 25 3 5%
ST AR AN RER . A Origin BRPFZ I SRAEIE , SCBl A e LR A e 2R B i n i e e A 5 al AL 3%
B(ET).

w5 BH Il v W
[ ] [ ] Bt [ 3% 3% Filssims ]
tls 9% FUBE 9% — —
| | | | % FR LR
D & 6% ] wmzas| | 17% —
— | | 14% Bk bk
# 14% =
’ 3% 7Kt ]
— HMREF 47%
AR | | 38%
H 16%
HAr LRI 100% 33% HREH IR
TEPAGH 8% B B
A = REZE| | 8% 2wy O
[ st 4% EmEEO 2% 4% Nzt [
] KL% 8% AERE| | 8% 8% LHG AR
CIABED 2% - a% ki Rg ]
BirRaE 13%
H 33%
- BEEL 22% — 22% WA HEBE
a¥TE| | 1%

7 ETEABRAARMUARANEEEXRE

Fig.7 Restoration relationship map of mountain-river-forest-farmland-dam-grass based on Nature-based Solutions

Yt G BB R R W A K 43 33% .22% 16% . 14% 9% 6% ; iR < At 2R
A7 RG] A 5 5 R R L IR A G, A BRI AR A B L s K O AR AR A A
F L5 AN 47% 22% 9% 8% 8% ; 45 A A TP LA A= W) 2 R B K AU RS | RLEFIA TR 4%
AIAT R 2 AR 22, BORIIR 79% 5 Xof IO il 52 48 52 SR ek, JHL rpobROR 488 o 14 0 Ui b 30 A 5 o Ll 2 R — 2, 55
AN PR SRR R AR X i RS S s X 5T X A8 B EAT B K

WA TRIRIE T NbS B A8 7 A ALK BB B 56 2R |, 45 A X AR 252 4o Jy 25 [ 65 ) , AT 52
P G A | T G + 3 YA IR+ L E IR = — PR B LU KORK 30085 — (A Ak A 47 R 28 G A BRI, 9 A
TR AR PR A T4 B R I (3 6) o HEASFE A A KU 5 B AR A s L E RS
JERIE AE AN JR /NI T AR 0 A IR A TR R, oAb & AT AR E L R, HAR TR 2 )
R UL 8.,

ONE = A2 4T TR AR X AR ST R AR A S U M 0 ¥ O, 1138 BBk st | s FH
M R = A TR, 2 NE B KA AR, 47 8 K A BE IR B 38 o 4 TR U DR AR
PR R A 2550 e TR B A K el 2SR SR 7 VR M R bR ML | R e B T RK R A 55 S T
T, R v N\ R FREE, Se R A 25 R G h R R

@K PR VA T R 7T X P i 2E 25 PR M 22 | AR SRR A0 A 44 50 | HA AR 114 A 25 XU T BEL
8, /] A AR AE S, IR R AR E S 3 AR BESI AR . XK % A Ak [a] A i,

http : //www.ecologica.cn



34 EWSE A RS RS T AR RN T A SRR TT S A LLKObK T U — AL R R R e i B 1221

>z

R AR S TR
T AR TR

B drobh e SUpk e 1% T
NJEFRSER TS0 T

AR W ST R4 B B2 TR
HElOK Rk R AR TR
it A TR

T 1L TR 550 2 Y TR

X R TR

X At B TR

X L E B G5 TR
[k ke ih TR

JI38 = A2 R T TR

X X Jor X°X X X J

e r“‘“*‘@

G

8 WRXIEHE
Fig.8 Engineering layout of the study area

T B MK R R A 1) oA MU DR B, DR BB, WA AR W R TR O 24 T BGRIE , o8 5 IR
MBI ARGERC &, EAT B 4P AR 1 R SRR 2571 sl R AL s S BB A ) A 3R 5

F6 RIFSHEIETBREFHEARENR

Table 6 Protection and management projects and specific technical measures

RFETH NET R PR
Major project Subclass project Technical measure
B 47 5 100 T O A 00 S T R sl A 25 A e R R, SR AR
T = H: 25 a4 N 25 .
NGB =z M T TR AT 3 3 I A BB

THUR XA PRYATE A T S 30 S5 A T I B, DACSER T 8 R b PG

R AETT SR P DR AR A IR, MRS, 6300 A P V25 O DX SR A 7 3 | MR R 55
’f{ﬁﬂ(ﬁ;

FHC AR R B E AR PRI S A R AL

BT TR AT VIS RO U 2 R e b B AR TR R B AR AR I
3 3o 3 3 B B IS B G S 5 S R % R, i T e K £ A
THIZE SRR TR Al
(6—10) B SE AR GBI , 1 8 SR M I 4 B AR B A BE AR 7 W 2 R 4
EESun
B« 70 MR L4 ST, A T A 0 B AR B4 bk, 3 s AR S R e fe e 1k

By dp 7218 B P RAB I AR A A 45 & 7oA, R By IR 20 S 3R A IR, SL B3t 5
By 4P MR 2 R bRl LR
BT (11—18) G ARG Bl MM T L 2 SRR, R LAY | £ LA R B A, AT D
RRREY A L BRI AL A A 5F R R AL

River channel Production-Living-

ETH(KSFYS
1—5)

Ecological Spaces enhancement

project

http ; //www.ecologica.cn



1222 G 45 4%
KRET R KT R HARSH
Major project Subclass project Technical measure
B - AR T 15 7K RO AL BRI AT Sy 0 A , 1k B335 Kk i 05 | ARk A Ak 2 AN
BERAGERA L 5

LRAL  BEFEAG SRAE AT £ LAY, HEAT LR SR AL AN AR SR A, SR A
NIE PRSI g el ek SR Ak (LT s (8D n] Ik P, At 32 A AR 5 N SCER BRI A T 3 EL 5

TAE(19—24) BOES : ST A O ES 2R A Ot 1 2 4 e 55 Bt , etk K 190 | e I g 0 2 T 8
o 4= o] 2 S 13

el : R o A SRR Gl Pl 2 B AR N A AL A e E S A AR, SE AR
7oA i - A ]

F b T XA B A ) RS AE 70 R0 Rk R B R 0, S i d
A WME ARG SR

B LT ment I T 0t K BRI, YU 3K IR WA T AR B, 50 5
o e ) - Bt IS FAH R AR A R AR ARG F
project for sort erosion LA R S R 5 AL 1R PR WA 50k 0107 5 B 450, 41 8 D S0 i 56 2 A
IR
B < 7 Y3 0 1) 11 A 2 255 7, M BB R 2 LA B A 59, 7 L 90 K )
HEM ok RSk B i M’ﬁm,m&'\‘{@ﬁﬂ(i‘mﬁi;

P AT YT B3 TR [ SR WA I, LU R RE 7, 3 A A
HEL AATR AR R BRI, T UL S0 I M B AU, 25 5 W 8 Bt 1T by
U AR GRAKR

g EAE O NEE £ N R /NS S U, PRI R R A BTN AR A A
BRI SE L T I I DB, G K U S AN R ROK R, (5]
Mg S R

AP XS % St LRI T8 3t 30000 2 A o [ NS, o 3 MR %, 7 S A
ST ARF IR R, LR iE SO IR PG 2

SR - 2 LI 0 T i e TR AR, M 1L AT R © R L A Y
I,
LRI b g TR R TR D B ot R A A, AT PR O A B LR
THE(72—73) UK A AR B OB AR DA, b e HEK TR R TR M YA i X
AR A, LLSAE 330 T A A B B HEK R ST, XA LT KB
UL E TR HEK R G

7 SR MR- A B S BOR i B R M AU ) 58 e
IR TR JoEIEE B TR SRR BRILRE DT ;
(74—176) R R A AR AR A BB IR | = 4 AR SO A DR A2 250 BOR AT AR
WSLAABECE IR X A S R S M S REM B 5L
SRR R RSB L ST B R T R TR TT R Al B B, i i 0L
P e Rl el FETG TR B SR, Sl A 1L IR B 2R PR AN Ak 2 A g
AR

# T (50—59)

R S I i
(60—71)

WX AT R S A T TR
Mining land reclamation and green

transformation project

B X b F% AR
T (77—80)

O X+ 3 B GE G R T R 87 XA TP 58 X AR A0S, A S IR il i, A= S e =, H LA 50
ABREACE VRN ESH S X HEE S BE ., UAKREE S AN TIPS AT, @i 3
MW SR 22 E Y WS A MR K AR SRS,

BEF NbS HUE T A 030 0 45 B U] ) 3 R R S R AR X ik & B R AR S R R S5 T Re i AT
FE AW RPEAS , ARAIET B T RSt I8 5 R5CR , SR LLKAR IR 5 T 42 i o) B4 1
3.4 NbS AEBMBE KBTI

LR NbS HITALEEH (E 9) W HENIPEAT B AME N :86.04% , RIS 5 HT I #E /NG 311 K bR FH 30— 44
PRARA TN R G 3 PRI G 5 NBS /\ K D] A4y B MR DT O S S8 75% , 3R 5 1 FE DT /K-, AR M, 28 TUHE 4 LA
FEEVCEC R 32, o5 17 300, FEARDCRCFS A5 12 30, 34 PERCHR bR 1 300, TOARDCRCHE bR . S5 R4F & TUCN DAE Y NbS
SERARUE, J& NbS FETLIR— R PR R R GEiR B A 25 50

http ; //www.ecologica.cn



34 EWSE A RS RS T AR RN T A SRR TT S A LLKObK T U — AL R R R e i B 1223

DI 1 NbSRZA R 2 PR

HEDIS: NSRY H Al ¢ 2i: N2 C AR REHRBEHNDS

FFAERE L W% XA E i

WE7: NbS R FHET-EdE

Y 3: NOSREH5 K A4 & FE e
AT I 7 HEN] N R A %

#EN6: NbSRZTEH 2 H i

B HEI4: NOSRE FLA 265 AT
RIS S FRRS A TE A

HEDIS: NOSRFET- A &
FGRAR F 16 B 72

[ S [ NoSEADLE

B9 ki EHME—FLRPFIIRSGRETE BT

Fig.9 Self-assessment of the integrated conservation and systematic management project of mountain-river-forest-farmland-dam-grass
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