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Abstract: Grassland health is a key indicator of the integrity, stability, and sustainability of grassland ecosystems. In
recent years, conservation efforts in the Yellow River Source Park of Three-Rivers Headwaters National Park have

restored degraded grasslands. However, a systematic assessment of the current grassland health status is still
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lacking. This study draws on ecosystem health theory to clarify the concept of grassland health. Based on the
characteristics of alpine grasslands, and application of expert experience, a comprehensive grassland health index
(GHI) was developed to reflect the overall grassland health status. The GHI includes indicators such as vegetation
community, land surface characteristics, biodiversity, and forage performance. The health status and grades of
alpine grasslands in the Yellow River Source Park in 2022 were assessed by zone, type, and class. The results show
that: 1) Alpine steppe and alpine meadow differ in their vegetation community characteristic index (VCI) , land
surface characteristic index (LCI), biodiversity index (BDI), and forage production performance index (FPI), with
the most significant difference observed in the BDI. 2) The overall GHI (64. 98) of the Yellow River Source Park
indicates a sub-healthy status, with the alpine steppe GHI (66.70) slightly higher than the alpine meadow GHI
(62.30). The Poa annua alpine steppe has significant differences from other alpine steppe types, and there are also
significant differences in GHI among the types of alpine meadow. 3) From the functional zoning perspective, the
GHI of the core protected area (59. 30) is lower than that of the general controlled area (69.50), likely due to fragile
ecological conditions, historical long-term overgrazing, and the fact that newly designated core protected areas have
yet to fully recover. This study provides a new methodological perspective for the ecological protection and future
improvement of the conservation status of the Three-Rivers Headwaters National Park and provides a scientific
criterion for improving the spatial layout of the natural reserve system.

Key words: health assessment; grassland healthy index; ideal reference; alpine grassland; Three-Rivers

Headwaters National Park
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Fig.1 Overview of the study area

ax = YT UR T 52 4 e A ] Y5 Bl X 25 8] 43 Al Spatial distribution of the Three-Rivers Headwaters National Park and the Yellow River Source Park; b: #
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on the standard map service website GS (2019) 1822 of the Ministry of Natural Resources, the boundary of the base map is not modified.

F1 BEEMBRRKEMGERER

Table 1 Alpine grassland health assessment

index system

-G48 Fx First-level indicators 238 b Second-level indicators ¥ 1A
J&5] Category U F A £ %k Name U F A Direction
Weight coefficient Weight coefficient

1. HH B R 95 FEAE Vegetation 0.30 1) #4578 35 B Vegetation coverage (%) 0.60 1E Positive

community characteristic 2) HRET- 345 E Average height of grassland communities (cm) 0. 40 1F Positive
2. M2 (140 FFAE Land sur- 0.20 3) #f i (BE) 1 AR HL 8] Proportion of bare patch area (%) 0.50 it Negative
face (soil) characteristic 4) + 3R Soil erosion amount (t+hm ™ *+yr ") 0.50 1 Negative

3. AW L FEME Biodiversity 0.25 5) ¥Fh =5 BE Species richness 0.50 1E Positive

6) JEA HE P FP ALY L Proportion of native plant species (%) 0.50 1E Positive

4. PR Az P Mg Forage pro- 0.25 7) PEHRCEE Grassland yield (kg+hm ?) 0.50 1E Positive

duction performance 8) Al & B 4 Proportion of edible forage (%4) 0.25 1F Positive
9) % 7 L] Proportion of poisonous weeds ( %) 0.25 1 Negative

7) FECAL AR A A T RRURE b T 3 X1 A S B R

8) I LT HCHL LU« MRS (O R Bt R A A A ) (NY /T 635-2015) ", T £ 40 5 SO 2 AN T £2
2 DA 5 ) P R 0] T AR 0 O ) o RTE HORE E A DA A P R R R S AR A B L

9) B H LG F O AR N AR RS SR Y R Ry L B, W 9T X RT3 A R R B (Stellera
chamaejasme) R G JEAEY (Oxytropis spp. ) FHE & 8 42 ( Thermopsis lanceolata) 5 .
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1.2.2 RO R 4R B 5 7 i WG A 35 R G B B e , L T Ml £ R PP A 48 Br K R AR W 5% 4 8 et B
8 % (grassland healthy index, GHI) Jiz B8 Ja] 5t el X 55 3 B (AR 30 AIF 5 X PN O b 28 38U 0 A R 1iE BH 2, S 2% JEOR
[F) B s S TR R] ) 22 S, 4 B 2 B M R R AT PR AN o Ml R 8 B PR R 9B VR 4R AIE 38 U (vegetation community
characterisitic index, VCI) | 1 % 551 #5 #% (land surface characteristic index, LCI) | 4= ¥ £ ## 14 #8 £ (biodiversity
index, BDI) M5 A 7= 1 fiE 15 B (forage production performance index, FPI)4 A4~ 4 48 %0k i, , 43 1) & fiF A8 9k A4 K
AR FOH R BN A S R G AR MR S PR A R R

GHI= (0.3 X VCI+ 0.2 X LCI+ 0. 25X BDI+ 0. 25 X FPI) X100 (1)
Ve AH

VCI=—— X 0.6+ X 0. 4 (2)
Ve, AH,

A H . VO & 9 T (vegetation coverage, %) 3 VIC, J& F8H % 3 35 10 2 BBAE (%) s AH J& &R 3 5 B
(average height of grassland communities, cm) ; AH, & 5 B & FE RS BME(ecm), VCI>1TH UL,

BP, SE,
LCI= X 0.5+ X 0.5 (BP>0H SE>0)
BP SE
SE
LCI=0.5+ —= BP=0
SE ( ) (3)
BP,
LCI=0.5 SE=0
+2p ( )
LCI=1 (BP=0HSE=0)

ZC 7 BP 2 #1511 AL LG 5] (proportion of bare patch area, %) ; BP, & #f35E m FX e 4] 19 2 BEE (90) s SE & + 82 1k
it (soil erosion amount, t-hm “+yr '); SE J& TR M EMNZBE (t-hm - yr 1),

SR NS
BDI= X 0.5+
SR, NS,

A PSR E WY AP F= & (species richness) 3 SR, 42 ¥ Fl £ & & 19 2 B8 {H 5 NS J2& I 2 ) B E ] (proportion of native
plant species, 76); NS, & J5 A ¥ Lo 45 1 2 BB (20) o

X 0.5 (4)

FP EF PH,

FPI= X 0.5+ X 0.25+ X 0.25 (PH>0)
FP, EF, PH (5)
FP EF

FPI= ><O.5+EF><O.25+O.25 (PH=0)

r r

A FP & R (grassland yield, kg-hm *) ; FP,J& 7 R 19 2 BUHE (kg-hm ) ; EF J& 7] & 4R 4] (proportion
of edible forage, % ); EF, &0 & G A9 2 BBAE (%) ; PH & 7% % ¥ L 4] (proportion of poisonous weeds, %) ;
PH, R ER OIS E()

MR GHI A T3 25 5, 45 5 B0 5 el X R0 b AR 25 25 1 L S s e b 4 B RG SR B e 5K 8 0 8 A NE 43 28 I 1, %
b JROIR B0 23 S A AN FEE R AN R I A B (R 4 SRR (K 2) .

1.2.3 ROEREHRSMATE  APRE TSR TE, 255 20 142 80 4R LRI i I s i i £
A0 85 2R 5 B i el X b 2 R AR R, AR ] DX A R 28 2 S 00 A VT A BT, 1 B 2022 4F 4% B M R ) BT 4R
PRULIAE , 53 B HARE R4 A, i BRAR S R W BI(E . DL AN 2 B A IR 1) 38 B 90 %6 430 BT 391 L 7 1] 16 b
10 %0 430 BV S4B AE o B b g R 48 202 5 ACSRIZ S MR 1Y) SR AE S 451 o B 8 2 IR 5 M H0 20 it o 48 %K
THET7 2 0 & B LA BT A 48 AR A B R T B A AL (R 3) o

1.3 SpAEATLFT &

LT M AE B AR LA, SRR AE 202248 7— 10 J AT B A R AE AR RN 255 B R RS W2 A AR A
2153 A REAE R 3 E AR A BE AL AR S5 G 10 J7 25, 7R i FE AT IR 2R 5 R JE A 28 B M R 54 AR SR IBUE
P VIR €1 o S = o A R S N VO T R S B i A =10 N X DAY W~ N X A 1]
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Table 2 Grassland healthy index grading and description

P B ERE B ORI
Order Grassland healthy index ~ Health
classification (GHI) status

158 Description

I 70<<GHI<100 fa 5

Healthy

I 55<<GHI<<70 A fi
Sub-

healthy

111 35<CGHI<<55 A
Un-

healthy

v 0<<GHI< 35 e A i
Extreme-
ly un-

healthy

b R R R A B AR DL 5 TR S AR i MR AR R R R A A R R R e A R
PEE T RO e e, R A D O A PR ESE . Grassland vegetation coverage is high, and vege-
tation communities are in excellent condition; No significant soil erosion and surface features are intact; Native
plant species richness and biodiversity are high; Edible forage yield is high, with minimal poisonous grasses and

strong forage production performance.

o i AR WA A o AR AR VIR O R 5 B e SRR ol M R RR IR AR S s SR AL W R R R LR
WM PR P R R D O AR P ERE AR . Grassland vegetation coverage is rela-
tively high, and vegetation communities are in good condition; Slight soil erosion with relatively intact surface
features; Native plant species richness and biodiversity are relatively high; Edible forage yield is relatively high,

with a low proportion of poisonous grasses and strong forage production performance.

R A L WA VR D0 22 5 R TR BRI, vl B2 1 AR, R 5 JRU A ABL ) W RS R T, A
WAL Z P BOR - B B R 2 MORE P ERE S . Grassland vegetation coverage is low, and
vegetation communities are in poor condition; Large areas of bare patches with moderate soil erosion and frag-
mented surface; Native plant species are less abundant and biodiversity is poor; Edible forage yield is low, with

a high proportion of poisonous grasses and weak forage production performance.

b R AT AV R DA 28 s R TR BB O, AR b Ak T R e DA EOIRAS s SR A A
AT AW Z RN 2 Z 5 Al BRI , 28 T 8T LU o, e A 7 PEfE 22 . Grassland vege-
tation coverage is extremely low, and vegetation communities are in extremely poor condition; Extremely large
areas of bare patches with severe soil erosion; Native plant species are extremely sparse, and biodiversity is ex-
tremely poor; Edible forage yield is extremely low, with an extremely high proportion of poisonous grasses and

very weak forage production performance.

£33 HANFERSEEMBRITNSRA

Table 3 Reference system for evaluating the health of alpine grassland in the Yellow River Source Park

el

Category

ERUNTE7N 1R FE 5 A1) 2% Alpine meadow 1 FE L JF S Alpine steppe
Specific indicator PR BUERY R B AR

C. tbetiko- K. pygmaea M4S. pur- Artemis- B P. an-

bresia type type purea type  iatype  nua type

1. MW HETS FRAE Vegetation A7 9% # 75 & Vegetation coverage (%) 100. 00 90. 38 100. 00 64.25 62.17

community characteristic EOREF- 25 E Average height of grassland communities (cm) 10. 07 5.67 9.60 7.13 14.07

2. M 3R (150 R¢fiE Land MR BE I AL L 5] Proportion of bare patch area (%) 1.75 0.85 1.75 5. 89 5.13

surface (soil) characteristic 1. 4 {2 -t Soil erosion amount (t+hm 2yr ') 0.28 0.01 0.13  0.05  0.10
3. A ZFEE Biodiversity  #)Fh 3 & B Species richness 12 12 9 7 10

JFAE M 5 L Proportion of native plant species (%) 61.69 54.11 49. 30 54. 94 39. 00

4. PR PR BE Forage P74 Grassland yield (kg-hm™?) 845. 87 688.17 611.32  719.55 375.85

production performance T £ 8 L 4] Proportion of edible forage (%) 99.31 97.44 99.37  93.84  99.76

7 3 51 L 5] Proportion of poisonous weeds (%) 0.80 0.11 0.35 0.20 1.18

FEF W, R 48RS 00 T2 & 48 (global navigation satellite system, GNSS) #E47# i v

O HENL, LA N

B, 230 e TR AR P R O )3 I A O 120789 3 4% 40 m K BOAR LR, 32 BEH T IR A R AR B 55 B2 RN AR b (BE)
AR LB (B 2) o # BRAR R B9 B PR TR 7 4 2R AR 2 AT 28— O 5 o LA PN 328 56 B A SR A 3t 1Y L Y IX I ' 3
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I BEAT RO PRI, B AR SCBORE , AT s Iy 5 el DX il A 2 DR P 8 52 T R TR R AR R R P R O BOR i LA
e A AE W TR Bt Xk = Y 58 1 % el T 58 el X s R O, 5 0 i S A 1 e\ Uk N e s L
X ] 2 D DAY g 8 M BB A0 4 o 1R R O R A 5 AR B T B O I R AT RS T I

5E s L 5 A R FETT FEEAD B

Fixed observation Field sampling Quadrats and sample lines

i

Quadrats

2 MARAERAAN. FIIREMEMET HEXHETE

Fig. 2 Schematic diagram of fixed observation, field sampling, grassland quadrats and sample lines in the study area
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Table 4 Average values of different indicators in the study area
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Fig.3 Comparison of sub-indices of different grassland types in the study area
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Fig. 5 Comparison of grassland healthy index of different grassland types in the study area
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