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Abstract: Identification of ecological restoration space is an important prerequisite for ecological restoration and
reconstruction. At the watershed scale, the Source Region of Yangtze River (SRYR) was thoroughly studied by quantitative
method combining with qualitative method aiming at establishing an identification framework for ecological restoration space.

The ecological restoration priority areas were identified and recommendations for systematic protection and restoration were
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proposed according to assessment of the dominated ecosystem service, ecological risk, and vegetation degradation,
respectively. The results indicated that () ecosystem services increased from northwest to southeast in the SRYR in 2000 and
2015. The amount of water conservation and soil retention per unit area decreased by 18.06% and 22.9% , respectively;
while the amount of wind and sand fixation per unit area increased by 8.84% , and the Net Primary Productivity ( NPP) did
not change significantly. @ The ecological risks based on ecosystem services were mainly medium to low levels listed in
grade 1, 2 and 3, accouning for 74.41%. The area in grade 4 accounted for 19.35% of the whole region. The grade 5
ecological risk was concentrated in Chindu county, Yushu city and Tanggula Mountain, accounting for only 6.24%. The
distribution pattern of different risk levels was a decreasing circle. @ The Normalized Difference Vegetation Index ( NDVI)
increased by 0.013% annually from 2000 to 2015. The majority of grassland did not degrade. The area of mildly degraded
grassland accounted for 0.82%. The area of moderately and severely degraded grassland accounted for 1.09%. @ In order to
control black soil, sandy land and soil erosion, natural restoration and supplemented by artificial restoration was insisted via
strict management of rotational grazing and forage—livestock balance. Grazing was strictly prohibited in nine plots (393.75
km®), i.e. Angriqu, the north of Maduo village, Jiagiaoqu, Dawanglu, Quguomaxia, Duocaiqu, the north of Chindu
county, and Zhaqu. The manual intervention and protection measures were pertinently implemented for restoration of sandy
land, black soil beach and grassland pest control project. The results provide theoretical basis and technical support for the
maintenance and improvement of ecosystem service function and restoration and governance of the degraded ecosystem in

Qinghai Tibet Plateau.

Key Words: Source Region of Yangtze River ( SRYR); ecosystem service; ecological risk; vegetation degradation;

ecological restoration

W AE 25 SO R OE AR TR HE S KRR T ) BB R O R GE 1B B SR BEE AR 2z A
FAGERE, PHRAESBRE A RR TSR SRR E AT A B TS BRI RS S B, A AT
Uedr R T XA S R GRS, B N e hmak, BT AR S E E A R BHRAF 5, 2 DITBCR T | [ SR IR g
W BRI R OISR G B R G ERETS IR ASRE LA DA U DX A 2 e R S R 7 A AR
U, AR A 5 25 1R 91 BT B RS 3 0 e DRI o ] I A= 25 R G PR R R ek Y &, M 2 LA )
A ) B A BB S A I HER SR bR R ©CA AR AP R R — TR R GEAR A 2523 [ PFAN B IE
LRGBS L, E A OFFEAELLT = 07 mBUSBORPL AR D25 7% 18 A R A B R G4 AT BE Y 5 4
M, DA LR LGRS A X 56 4 14 11 98 3 20 DX R B A BT T I AR S AR P i S R e Bl 7, @2
BRGNS AR A BRI GH SRR A TR 5 H G AR XR I b, 78 K 3R] By Be b ol
W DR X R SR A 7 AU 70 B BT 1R AR 25 AR G A A AR A T, A XU e Ak B Be B i 22 B B R T 42
PLIE O A A PP S5 58, s KRS i RS B OFERHE IS T A AR AR S R GTIBAL Y T AR S A it S Al
b IR B AN D R R IR SRR R A A A S TR Y X A A
BEPEE R Bl TR AR AT S5rp

AT A R B 2], R v AR R R e iy T 25048, VTR X VLB T AR ) 7.8% , T
JE G RAT AR 18.6% , Z4F P32 KAk i RVt UK BEEUR IR 19 25% , X Bk A & 1 AN ER B 35 15 B JUas |
RIEFR I R FE AR A R GE, JUHIE OIS L s VAt e 8 o i ) HA A G B2 PR KRR TR D fiE . 3L
A, TS BV U S AR IR S A SE R R R X A S R R ER AL R E U R B X AR AR e
AR R, i IR DX AR S R SR SR AL, R RS 1 T VTR S R R B ) I TR AR
RTAE, USGBHOE R GBBREM AMBEIROR I E LI TRE, T 8= RGNk BARIES 1, TR S50 A
REAR AL AR R AL R T 38 T L i St B 34 AR B 8 K T DX AR A DR 18 S A R e S A
R AR 28, TR X 32 T AR A R G A5 PG M T A B R GU R 55 10 1) e A 1) A A X B PP A A1, 23845

http ; //www.ecologica.cn



3848 JAE = 41 4

A ZS KU A AR SR A AN 2 2R UMK VLR IX AR 2 A2 DX, DA O 75 70 o 58 DX 2R 25 R e R 55 T RE 4 37
$R Tt BRI 3 PR SR S IR RBHIT R AN v H R TR

1 REHER

ALY (LT TIAARSCus L sl ) £ T35 i i J5U IR b, - B934 4716 m, W BT 22 8 R 8
AR R MRIER AR, B 14.75 T3 km® (B 1) o WF5E X 24350 -5.6—7.8 °C, PR K =N
286—887.42 mm AR B2 130 42 m*, T BEIRG AT 25 M RIE I AE LRI, M A B L2 R
( Kobresia capillifolia) 17511175 % ( Kobresia pygmaea) \FVEALET 5 (Stipa purpurea) N, LA TG ALEE L5k
FASENF A, BPAEREWIEAS DU N RA N HOIRBE Ay £ Fe ARA KRIR B ( Sabina tibetica) (5 #§ =42 ( Picea
crassifolia) % , ERYE SR SWA 50 B, Horh B R —9E SR~ 3 WA &5 59 (Panthera uncia) | 4 4%
( Panthera pardus) J&F ( Pantholops hodgsonii) %5 16 | [El R — 2% s R4 8h1% 40 Fh

N ~~ . T N
A R (é\ ) . . \'3\3"\“
7 < S
~7 .~ f ‘_/ . am\
o ~ Y% Ls.&. v
™ . J Q% :
- (/
\\\ §
_ i It
'] S~ F
z N e “ A
< \ ' ~ N
%) \ " < e WO
;/j RWT:S N N
{ 4 N\
[ OGN AN
\ oy
N ? \?7&}\
> e S Y s,
, \ S s
O BRRGR e ®% BT
ST R <5 °\,
BT W S
ar - B 0 100 km “ N
—— 2R ! } ! AN 4 !
92° 94° 96° 98°E

E1 KIREXECE
Fig.1 Geographic location of the SRYR

2 HEKBESHRTGE

2.1 BdEklE S b

O GBI AR T IE X X NS G G B, R SR AR Rk 28 % KGN H RS, 85
Gl VB TEZEBL (BT, ) RITBA E AR ZH 21 ( FAO) 1998 4EXT Penman—Monteith 5 BUE 1T J5 19 A 344
A%, SR ANUSPLIN'™ XS G0 4 725 RAAE . Q35 VB S UR T v [ P 3B 2R 58 5 A SR 8500 hor
Ry S K R ) P A B 4 L ) iR FH B SR V5 T 7 T A 22 300 -t ) R R T R i A O 2 1)
HEAE 30 m, BF )T 41 2000 4F 2015 4F, @SR R IE T MOD13Q1 16 d A 5™ i, 25 [ 43984 250 m,
A IE] 7 31 2000—2015 4F R FH fie KAE A A% ( maximum value composite, MVC) A W 5T X B AF NDVI 4
W @B IR T A LI B R G BRI
2.2 WL

A58 19 e 285 XU T 3 A s R | DX 3 S S 72 Al S5 2 S SRR AR R b, 2 T 5 524K T
REJB TRV A A AEHE I R A SOB A 85 R G0 MR 55 A 25 UG PEA , 25 A R B K I A8 fh a3
Mr, FEIZ Wi R A B TR A RREE AN L, UM A B T AR A B 5 DI, A7 RS A Ak il AR B IR 1

http ; //www.ecologica.cn



10 4 U 45 ST A RGNS DA I AR A XU Al B A= A48 52 25 ) BFR—— AR VLR Xy 41 3849

B AR X A SRR A B ARSI SRk IR SR (B KU 7 | R Bk 4 Fh £ SRS RS
M55, FFJE 2000 4F 2015 4F4 2438 R G MRS5S VEAE ; 22 T A R G0 R S5 386 ml B AR A R it 2k i, 7 R VLI
DX A 25 XU S5 0 S R R, B A A 25 KU P47 25 2R 3 25 T 2000—2015 4F3Z4F NDVI B #4 34546 56 40 #r , PF- i
PR ACRE R ; 25 A AR A B A FIAE R AR 255 R TLIR K A BB E LK,
2.2.1  KIERFRDIREVTAL

KK A AR T RK IR R Y AR

TQ =Y (P.-R, -ET) x4 x10°

A, TQ MBS (m’) s PoBEN E (mm) 3 ROVHIERZRTL R (mm) s ET N Z8HUA & (mm) 54,8 i 2874
BARGMHEA (km®) 50 IS | RAER RGN XA S RG AL,
222 BEEVDIIRETEAL

R VG IE R 5 F2 (RWEQ) T B U 10 202 T Ay

Qy=S, =5,

A, Q BT XIE VD B (tkm ™ a™") 5, AETEXUH R (tkm ™ a™") 58, W SEPR U (tkm ™ a™")
223 IERERYIREVEAL

FHBEE K T 26 )7 F2 (RUSLE ) H44 T {4 522 AR .

A=A, —A =RXKxLxSx(l-C)

A HERFE R (thma™) A WEE HIER M (thm™a™") 54, PR R (thm2a™ ) ;R W FER
R F (M) mm hm™ h™ a™) ;K g 4l 7 (¢ hm®h hm™ MI™ mm™") L 3K AT, S 3
T, N C R AN T RN,
2.2.4  [EBRIIGEVEAL

BEHL NPP 1 04 25 2R Gt B B D RE AU ZRAE SR CASA BRI NPP™>) JHE AN

NPP(x,t) = APAR X &(x,t)

K NPP (x, 1) H1GIC x 78 ¢ A O350 290472 11 (gC/m?) s APAR (x, 1) MAZIC x 78 ¢ A MW BG4 3508
BHMI/m?) 58 (x,0) BTG x 76 ¢ ABYISEBRGBERI R (gC/M]) |
2.2.5 HEERKIEAL

XiF 2000 4FF1 2015 44524 35 R GE AR5 (bR AL AR B 85 4% 30 [l 5 AR IX B o ir , TE A 725 R GE R 55
W AR QIR — W& BTN 4 iR S R GRS (E A & A 1 Ak I bbAR BR Tt 1) 5 AU AR R
L AN A 3 A E R R GRS Kk Az ) e Ak, WIHZOMEAS BT830 1) S A ME R 0.75 5 UCISHE | T 340 5 396 1) i AL Ak
#0.5.0.25 F10, K25 K EB RGNS 10 5 AP i B 0, 4 A% B 5T IR 550 o i K/ INEA T HES ], 23
FRUIRSS P Bt it 5 HT 10% 10%—20% 20%—100% (B S0k 2 MR FE R G | BEL 2 R B4R 3 A4
% B RGERS IREEMEE R 5% GRS TR H A TR Y GB/T 50326—2017 H i JXURS: 25 2%
KRR (R 1) GG ER R GRS 15 ) e AU R K o, I AR S XU S5 2

R1 ETESRERESHETNIE S S F E MK

Table 1 Judgment matrix of ecological risk level based on ecosystem services

AU S 4% REERIK SREEITER HEERIK
Risk level Mild loss Moderate loss Severe loss
A2 High probability (0.75.1) 3 4 5
rhA % Middle probability(0.5) 2 3 4
A Low probability (0,0.25) 1 2 3

2.2.6 HHLHRILEFCEN
PR RIRFEHIIB AL Y Ab EhTm AL 4 HAE 4R ) GB 19377—2003 .75 7% e Ji At 1 18 Ak 552 s 175 100 R AH G A

http ; //www.ecologica.cn



3850 JAE = 41 4

58, BRI — AL AE AR E(NDVI) VR AR A Y 1 R 4 B 2520 VLI X 2000—2015 45 AH 4 1R fL 7
FESR 0 3 9 AR BAREIRAL AR ALY (%2) , R Sen+Mann-Kendall B3RS 5 B4t KT X
2000—2015 45 NDVI ARk #4345 Ko 23 [ SRy R 540070 32001 mT LAX s i 0 1 s AR AR R A T G 1 78 3L
B R ELA AR AN R R A L AR e RS (N 2 T s T KT R UL ) | A sk i
ZERE BRI
Sen BTN N .
NDVI. - NDVI,
B= Median(}_il
A, NDVI A NDVI R 25 M 45 i 4R A05E j 4F NDVI RS B, 2B>0 i, i NDVI &2 ETH#d, Kz
TR
Mann-Kendall & 2 ARG 56 158 20

j 2000 =i <j = 2015

, >0
v/ var(s)

Z =40, s =0
+1

: , <0
Vvar(s)

K, Z HKERLE R s M EIZSE, BUEEKFE a=0.05,2Z,_ .. Zyns=1.96,1Z1=1.96 LW EA, 1 Z1<
1.96 2 A i A8k

F2 ETHRESZENERBRUBRESR

Table 2 Classification of grassland degradation degree based on vegetation coverage

i ; L
<0 1Z1>1.96 W HhE R
<0 1Z1<1.96 NTE ZEERL
=0 HARAE E S
>0 NE S|

>0 1Z1>1.96 B

3 R

31 EBRGEMWS

HIES RGP IR R KILIR XA S RGETA AR N R 10 e F B S vk 1]/ 7 AR
O 9 K, Hh R A S RGN 10.62 7 km®, 102 72% s BRARAE S RGEHRLY L 0.2% ; AT
FRGHIFR G L 2.28% ;1A A R G AR G 1L 8.8% , KT 0.5 km® FYMITHZY 160 A, FZAT A] Al P4 Bl 7H 4 15
) R LT 2RO R BRI

2000 452015 4F B IRTBUK IR 3 523 51 36.88 ,30.22 mm , KA F7 B 43 50 H 54.39 44.2742 m 5 2R
37 T AR B3 XU Vb ik 23 31 28.96 . 31.52 1/hm? , B XUV B 43 31K 4.27 42 1.4.65 42 v; B 437 1T AR -S4 F ek
3R 12.49 9.63 t/hm? , T IEARFS Bt 20914 1.84 1.42 12 t;NPP 4344 87.91 88.34 ¢ Cm™2a™', NPP iig
G301 1296.4 T3 £,1302.74 T3t SMA B RVTIR AR S R GE RS 25 (8] 43 A1 HA WY 0 00 b X 22 S 2 0 A7
LRI AR g AR AR S (18] 2) o AR BRI A B b | R T ) SR 7 TR AR A8 R ST I RE AR, DU R AR L
e LU 22, AP (14 L i b R | o LT 2 It 980 20 b B TR AR S R G T BB AL/

http ; //www.ecologica.cn



3851

DI IR IX Sy 151

R

A S A 25 1B 5 5 T

7

1A

f

W

HT BRI A AR

e

(NS

10 4

=
T =
iy =

MR R T

-
T =
(&g =

3 I E

W =
T =
iy =
e ZATE

Y

N

#rS10—0002

ST0T PUE (00T UI YAYS Ul SINAIIS W)sA$0a Jo uonnqrysip [eneds ay L,

Y EISLWHGESF XM TINHSI0T *3000T T E

| —

w001 0

00Z<
002—0ST
0ST—00T
001—0¢S
06> =

(w/03)/ddN

[ |

0€<
0€—0T
001
01—¢
o>

(e /3) /BT

ognnln

06<
06—09
09—0¢
0€—¢<I
Sl> =

(/1) / E A W

I

00T<
00C—001
001—0¢
0s—0T
0>

i/ FELE R

gognnn

[t

00T<
00C—0ST
0S1—001
001—0¢S
05>

(;w/08)/ddN

0€<
0€—0¢
0T—01
01—¢
c>

06<
06—09
09—0¢
0€—¢SI
SI>

(cwy/2) /E Y

00T<
002—001
001—0¢
05—0¢T
0>

/LR

[ I I | 100018

(A I |

]

//www.ecologica.cn

http



&
H

3852 H Eire 41 4

3.2 BRI
BRGNS Wi et b ARREER DR A L4y
WIh 49.18% .39.17 . 11.65% , 5 ¥ M B Z b AR 19 4
P, BRGNS LR hEE | HE R X8 A )
H72.77% 20.56% .6.67% , A i #5100 2% By ML 5 il - Ji
FPE R B L s AR S R GRS IR B, 476
VAR A R R VLR X T AR R R G MR 5 1) A 28 AU
PL1.2.3 P IOXURS 32, Horb AR 2 KU 1 2 XTI AR :
1.63 73 km®, di [ 11.07% ;2 XL 5.62 J7 km*, (5 1L A AR 0

3 - g 3% . 57
38.14%;3 X AL 3.72 J7 km®, i 1L 25.2%, £ iy %

B A B 5 X T AR 0.92 J7 km?*, 5 HEAY 6.24%
oA TRRZ BB SR, 4 HIXTHA 2.85 J7
km?, (5 H 19.35% AN [) AU 45 9% S22 Bl J2 0 119 4 AT A%
JR(E3)
3.3 MR fEEITEM

32 SURAR AN Bl (9 AU 2 I, 2000—2015 A K VLR IX NDVI 22 B HE i 5 HKR 9 0.013%/
a, MR IR (Sen>0) T 8.16 T3 km?*, 5 55.02% ; AN i A8 AK X 5 ( Sen = 0) T 0.76 J7 km?, /i 1L
5.16% ; FHHE AL IX 3, ( Sen<0) IR 5.9 J km?, (51X 39.82% , £#45 Sen+Mann—Kendall #3446 56 43 B 485 5, R
RAL R RN 14.46 J7 km*, (5 H 98.09% , {H B/ Mo X AF7E 2 i B b B0 4, b o B R AL b 1T B 1605.12
km?, 7t 1.09% ; BB L BT AN 1216.37 km?, (71 0.82% (K1 4)

B3 KIBEXESKREERZEDHE
Fig.3 The spatial distribution of ecological risk level in SRYR
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Fig.5 The spatial distribution of ecological restoration priority areas in SRYR
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