¥35% HT7H LA = O 1 15—31
Vol. 35,No. 7 ACTA PRATACULTURAE SINICA 2026 4£ 7 H

DOI:10. 11686/cyxb2025234 http : //cyxb. magtech. com. cn
XUBR, BRA%F, BEVLSC, 45 1981-2020 4F = VLR X A] £ 408 16 28 28 A B U SRS ML 2 . sl 2241, 2026, 35(7): 15— 31.

LIU Shu-chao, SHAO Quan-qin, FAN Jiang-wen, ez a/. Spatiotemporal dynamics of edible forage and its climatic driving mechanisms in the Three-
River Headwaters Region from 1981 to 2020. Acta Prataculturae Sinica, 2026, 35(7): 15— 31.

19812020 F =T EX AT B ER =T
EEEIRSHHLFHI R

j’J %ﬁiﬁl“,ﬁﬁé\% 2,3.4 ,ﬁ/j—izg,ﬁ;@/ﬁz
(1. 28 RAFE R () 18 A2 5 HOR 22 B8, (L 7R BF R 2502995 2. o [6 Bl 2 g Ho 31 R 2% 5 B IRAT 58 B, JE AT 1001015 3. b [E Bk 22 Bg 2, b ot
100049 ;4. R K2 A2 2524 e, 1R 18 0 570228)

T = VLU DA S 7 95 J AR 25 22 & Bt R A0 X, HEnT B O B S A i JE R T R SR R E R, A
W78 3 T 2 U5 3 B BUHE (A BRIk 32 R AF 2 12 7= 5 R RE P 3 J% — 33 B4 5 BT GLOPEM CEVSA i 819 NPP (4%
4 Landsat 51 PG A M AR J7 I IAOHE B S BORL, Sl 1 R TR AR B0 B2 R vl £ R LL 31 11 1 25 43 5
FRAE M HE T 1981 — 2020 4F = VLU IX K AR B0 1 T B 0 RE i 7 R B 4R o S5 L3R W] 1) I 40 4F 42 IXA] £ 44 B L f51)
PR 0. 69, 5T Mg — 3 — Wl T} i3, 43 i Be AR Yl 0. 72(1981—1990) 0. 69(1991—2004) 0. 66(2005—
2012)F10.70(2013—2020) , BAE LS TRBE AR E 2 80 FAWIAKT-;52)1981— 2020 4F , =L X Al & k™
s ) b 7R 1) VG 38 06, 4F 2 E 0 403. 48 kg-hm ™% 4R MR REERE O 1322, 61 7 t,62. 590 DX Il 5 68 35 1 s 4
(P<C0.05) 3 3)4F By i J& W] £ H0RE 7= B i AR b 9 2 s Y 7, 15 M 56 I B0 68. 326, B /K 3 3l 7R 78 + 52 X (<2400
mm ) S T BE R A X A 2 B 0 5 4) =V IR [ 5K el P T £ B0 7 T e A R A el X ) 2 L YR VTR
Pl [X 45 2 7 554 7 399. 56 kg+hm 7, 5 F A VLR FE X (169. 37 kg-hm ?) o ARBFE 20 M1 1 40 A8 1% 5 WK A% JR A8 1k
ot 1o 9 B b ] 0K BT 1) 25 S AR IR T ML O = VTR X R A R e AR I TR AR AR
KGR VLR TR 7 R IS S AR A s B EK Bl

Spatiotemporal dynamics of edible forage and its climatic driving mechanisms in
the Three—River Headwaters Region from 1981 to 2020

LIU Shu-chao"**, SHAO Quan-qin®**", FAN Jiang-wen™*, HUANG Hai-bo’

1. School of Remote Sensing Science and Technology, Aerospace Information Technology University, Jinan 250299, China; 2.
Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China; 3. University
of Chinese Academy of Sciences, Beijing 100049, China; 4. School of Ecology, Hainan University, Haikou 570228, China

Abstract: The Three-River Headwaters Region (TRHR) is a core area of the ecological security barrier on the
Tibetan Plateau. Understanding the dynamics of edible forage in this area is crucial for the sustainable utilization of
alpine grasslands. This study integrated multi-source remote sensing data, including the global land surface satellite
(GLLASS) products, the Net Primary Productivity (NPP) dataset estimated by the remote sensing process coupled
model, the global production efficiency model carbon exchange and vegetation structure analysis (GLOPEM

CEVSA), and Landsat satellite imagery, long-term field monitoring data, and meteorological records to construct a
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grassland yield dataset (1981—2020) and quantify the spatiotemporal differentiation of the proportions of edible
forage under varying degradation gradients. The results show that: 1) Over the past 40 years, the average edible
forage proportion was 0.69, showing a “decline-fluctuation-recovery” trend, with periodical averages of 0.72
(1981—1990), 0.69 (1991—2004), 0.66 (2005—2012), and 0.70 (2013—2020). Despite ecological restoration
efforts, the proportion of edible forage has not returned to the level in the early 1980s. 2) The edible forage yield
exhibited a spatial decline from east to west, with an annual average of 403. 48 kg-ha ' and a total yield of 13. 2261 X
10° t. Significant increases (P<C0.05) occurred in 62.5% of the regions. 3) The annual average temperature
dominated climatic drivers (68.3% of areas showed positive correlations) affecting the spatiotemporal dynamics of
edible forage, while precipitation exerted stronger effects in arid zones (<400 mm) and severely degraded areas. 4)
Within the Three-River Source National Park, edible forage yield showed an overall increasing trend but varied
significantly among zones, being markedly higher in the Lancang River Source Park (399.56 kg-ha ') than in the
Yangtze River Source Park (169.37 kg+ha '). The results of this study elucidate the differential regulatory
mechanisms of climate warming and precipitation changes on alpine grassland restoration, providing a scientific
foundation for adaptive management strategies in the TRHR.
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Fig. 1 Grassland spatial distribution of the Three-River Headwaters Region
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the Ministry of Natural Resources, the boundary of the base map is not modified.
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Table 1 Statistical of grassland resources in the Three-River Headwaters Region in the 1980s
R S 2 AR L 7= E g+ 8 Dry weight of A & 05 L i Propor-

Grassland class, subclass, group, and type

Vegetation coverage

grass yield (kg-hm™?)

tion of edible forage

1. i 2 Temperate steppe

1. 1 1L Hb % 50 2% Mountain grassland subclass

1. 1. 1P RFEY] Medium grass group

55 Q&3 Stipa krylovii -5 Festuca ovina

U E U H Orinus kokonorica %24 % Herbarum variarum
2. W FERLFZE Alpine steppe

2. 1R ¥ 40 Dwarf grass group

ALK S Stipa purpurea

RAEENSF S, purpurea %45 Herbarum variarum

3. M FEE A 2% Alpine meadow

3. 175 JE 5 fu) WV 2 Alpine meadow subclass

3. 1. 1/N{F 4] Small sedge group

5L Kobresia humilis

i L1 B Kobresia pygmaea

AR 5 Kobresia graminifolia

ZE M5 B Kobresia capillifolia

&S5 K. capillifolia %4285 Herbarum variarum

3. 2R AL = FE HE A W ¢ Swampy alpine meadow subclass
3.2. 1 KIPHY] Large sedge group

PO 5 Kobresia tibetica

0.35(0.20~0.60)

0.40

0. 30~0.
0. 20~0.

0. 30~0.
0. 30~0.

0. 80~0.

0. 80~0.
0. 80~0.
0.70~0.
0.70~0.
0. 60~0.
0.70~0.

>0.90

50
60

50
50

90

90
90
90
90
90
95

665
301
532

255
255

831
562
968
1212
1610

980

LB LRSS Degree of grasslan degradation
3 B4 No-degraded mm 1R {E Moderately degraded mm H % 22 14 Moderately black soil beach

= £ B IR AL Slightly degraded mm 7 /% 3B {Y, Severely degraded
3 ZSIRERRAEMAANEREEEZTESS

B 455 B 434 Slightly black soil beach

mm I )Y M M Severely black soil beach

Fig. 3 Spatial distribution of natural grassland degradation at different time in the Three-River Headwaters Region
a~d 43311 29 1990, 2004, 2012 F1 2020 4 55 4l 18 16 F2 BE 1 4 18] 23 A3, 2 T 11 4R B U5CRT0 s o b 121 I 45 0 2t G S (2020) 4619 5 s i M 1] 1 7 , G 1130 5t G
&8 . a—d represents the spatial distribution of grassland degradation in 1990, 2004, 2012, and 2020, respectively. Based on the standard map service

website GS(2020)4619 of the Ministry of Natural Resources, the boundary of the base map is not modified.
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Table 2 Statistical of the proportion of edible forage in non-degraded natural grassland in the Three-River Headwaters Region

L8 e S e L A Year

Grassland class, subclass, group, and type 1990 2004 2012 2019
1. i1k % 5 2% Temperate steppe 0.95 0.95 0.89 0.94
1.1t H B 5 28 Mountain grassland subclass 0.95 0.95 0.89 0.94
1. 1. 1 R ¥ 4] Medium grass group 0.95 0.95 0.89 0.94
FLIREFSE S, brylovii CEZEF. ovina 0.99 0.99 0.93 0.98
FTIFEUHE O. kokonorica %<2 ¥ Herbarum variarum 0.91 0.91 0.90 0.97
2. W FER 2 Alpine steppe 0.83 0.83 0.78 0.82
2. 1EAR B4 Dwarf grass group 0.83 0.83 0.78 0.82
EAE S, purpurea 0.87 0.86 0.81 0.85
WKAE S, purpurea %425 % Herbarum variarum 0.80 0.79 0.75 0.79
3. FFEH A2 Alpine meadow 0.82 0.80 0.75 0.79
3. 175 %€ #i 4] 7. 2% Alpine meadow subclass 0.79 0.77 0.75 0.76
3. 1. 1/h b %20 Small sedge group 0.79 0.77 0.75 0.76
B K. hwmilis 0.93 0.90 0.85 0.89
W K. pygmaea 0.85 0.82 0.77 0.75
B K. pygmaea JEN T K. humilis 0.97 0.96 0.90 0.95
KL pygmaea SHEN S Stipa aliena 0.81 0.79 0.75 0.78
R K. pygmaea JATEEE Polygonum macrophyllum 0.88 0.86 0.80 0.84
& R K. pygmaea %425 % Herbarum variarum 0.79 0.76 0.75 0.76
kST K. capillifolia 3k 3E Polygonum viviparum 0.87 0.85 0.80 0.84
AR H B Carex atrofusca .%4J5 5 Herbarum variarum 0.95 0.93 0.87 0.91
H A0 B K. humilis 0.88 0.86 0.81 0.85
LM E K. capillifolia & 1L F-2R Poa alpigena 0.81 0.79 0.75 0.78
KM 5 K. graminifolia 0.80 0.78 0.75 0.77
LR K. capillifolia 0.78 0.76 0.75 0.75
LM R K. capillifolia A2 B Herbarum variarum 0.83 0.79 0.75 0.79
3. 2{BF AL R #E Fi A W 2% Swampy alpine meadow subclass 0.93 0.97 0.91 0.96
3. 2. 1 Ky H 4 Large sedge group 0.93 0.97 0.91 0.96
VU S 5 KL tibetica 0.93 0.97 0.91 0.96
4. B Swamp 0.76 0.76 0.75 0.75
4. 1.1 KPP H 4 Large sedge group 0.76 0.76 0.75 0.75
AW EH Carex muliensis 0.76 0.76 0.75 0.75
5. FIEFTIRZE Alpine desert 0.76 0.75 0.75 0.75
5. 1. 19 K 4 Semi-shrub group 0.76 0.75 0.75 0.75
HOR BB SR FE Krascheninnikovia compacta 0.76 0.75 0.75 0.75
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Fig. 4 Spatial distribution of the proportion of edible forage in the Three-River Headwaters Region
a~d 73 5 7 1990.,2004 ,2012 Fl 2019 4F 0] £ 0 F LU A9 25 (6] 3415, 5 T 17 48 B U503 b off i 1] A 55 I 3 GS(2020) 4619 5l ] 1 47 , I 181 3 7 T8 18

. a—d represent spatial distribution of the proportion of edible forage in 1990, 2004, 2012 and 2019, respectively. Based on the standard map service

website GS(2020)4619 of the Ministry of Natural Resources, the boundary of the base map is not modified.
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Fig. 5 Spatial distribution of edible forage yield of natural
grassland in the Three-River Headwaters Region in 2020
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JEE R ICE M . Based on the standard map service website GS(2020)
4619 of the Ministry of Natural Resources, the boundary of the base map

is not modified.
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Fig. 6 Spatial distribution of average edible forage yield of
natural grassland in the Three-River Headwaters Region
from 1981 to 2020

BT AR BRI bR o PR 45 B GS (2020) 4619 45 A o st P A £
JEE B R T Bk . Based on the standard map service website GS(2020)
4619 of the Ministry of Natural Resources, the boundary of the base map

is not modified.
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X 19 0] £ P By B g R e Fig. 7 Interannual variation of edible forage yield in natural
2.4 ZIRRAELTAKYE =% % grassland in the Three-River Headwaters Region from 1981 to
19812020 4F , ST K 21 4 BAUE L
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# &5 Map content approval number: GS(2020)4619

ﬂﬁ%ﬁﬁﬁ%@éﬁc% EAIE TR

Rate of change in edible forage S Significance test of change rate 0 100km
yield (kg-hm™a™) = 3% Non-significant
<4 =-2~0 =24 = 6-8 il /D 940.05/K 7 2 % Significant decrease trend at 0.05 level
=42 =0~2 =46 mm>8 = kb 34 0.1 KF 235 Significant decrease trend at 0.1 level

mm B4 0.17KF 23 Significant increase trend at 0.1 level
= N 340.057K T 2 Significant increase trend at 0.05 level

8 19812020 E = TRERABRNEFEEFETHERE(a) REZ MR (b)

Fig. 8 Annual change rate (a) and significance test (b) of edible forage yield in the Three-River Headwaters Region from 1981
to 2020

BE T R BE U AR AR 1 I 55 W GS(2020) 4619 5 b v b PRI 7F L 6 Bl i1 B G & . Based on the standard map service website GS(2020)4619 of

the Ministry of Natural Resources, the boundary of the base map is not modified.
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£3 19812200 £ = TiEX E HARKEFEE5IT
Table 3 Statistics of edible forge yield in counties and towns of the Three-River Headwaters Region from 1981 to 2020

H HAR AR R T R A R T R AR R L A A 7E A T %
County and town names Edible forage yield Total yield of edible forage ~ Proportion of ~ Annual rate of change
(kg-hm *) (X10*1) edible forage (kg+hm *:a ')
£ H Banma county 666.53 38.50 0.61 1.11
K36 B Tiuzhi county 717.78 56. 11 0.67 1.40
H## 8 Gande county 657.17 44.72 0.70 1.38
0 E Maqin county 612. 34 72.76 0.76 1.89
1 % B Maduo county 278. 62 60. 56 0. 64 1.18
i5 H & Dari county 367.88 51.37 0.46 0.52
[F] % B Tongde county 953. 84 36. 28 0.75 1.59
Bt B Guide county 772.37 23.62 0.84 1.24
FH1E Gonghe county 599. 44 73.09 0.85 3.73
2498 Xinghai county 618.10 66. 81 0.79 2.61
£ Guinan county 868. 33 45.72 0.82 2.30
P E Zeku county 848.91 51.74 0.67 1.55
T B 52 1 1 11 16 L Henan Mongolian Autonomous county 1088. 47 69.13 0.79 1.75
[7]{~E: Tongren county 916. 98 17.21 0.81 2.83
3L H Jianzha county 900. 68 10. 69 0.79 1.59
A 2L Nangqian county 644.49 69.98 0.66 0.41
FEM T Yushu City 636.85 92. 94 0.69 1.35
7% % E. Zaduo county 367.91 117.48 0.65 2.02
F £ 1 Chenduo county 438.60 61.36 0. 64 0.96
it 7 3E £ Qumarleb county 208. 90 87.80 0.65 0.88
A 2 H Zhiduo county 192. 36 113.03 0.66 0.75
JE iy $iz 111 48 Tanggula mountain town 166.73 61.73 0.81 1.42
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R A (B 0. 69, 5 T — I BOR LU TS ORI R R T 4170600 AR B, AT R BORE Y 7 R R
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FL BN 54 EL R AR R T R R R R R R AR BRI T — 7 kgrhm Cea o

2005—2012 4F , = LI X K SR B b AT B3 45 55 19 °F- 34 77 B 4 Oy 410. 08 kg hm AT £ BORE (4 4F 24 77 B 5 it Ry
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" [&*5 Map content approval number: GS(2020)4619
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Fig. 9 Spatial distribution of average edible forage yield at different time periods in natural grassland in the Three-River

Headwaters Region

a~d 43 B2 1981— 1990 4 1991 — 2004 4§ , 2005 — 2012 45 1 2013— 2020 4 g T 0 F0 41 7= 0k, B T 1 4R B T30 s o6 3t PELIIR 55 090 3 GS(2020)
4619 5 b 1fE Hh & i 4 IS BT A B . a—d represents the average annual yield of edible forage from 1981 to 1990, 1991 to 2004, 2005 to 2012, and
2013 to 2020, respectively. Based on the standard map service website GS(2020)4619 of the Ministry of Natural Resources, the boundary of the base

map is not modified. "~ [i] The same below.
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b # &5 Map content approval number: GS(2020)4619
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Fig. 10 Spatial distribution of change rate of edible forage yield in natural grassland at different periods in the Three-River Headwaters

Region
a~d 23 5 h 1981 — 1990 4F . 1991 — 2004 4, 2005— 2012 4F Fl 2013 — 2020 4F Al £ 4 B 7= F B (9 AF A8 fb 3805, T [ 9K W8 5 30 s ol 121 IR 55 190 3 GS

(2020)4619 55 o 3t B i 1, I R TEE L . a—d represents the annual change rate of edible forage yield from 1981 to 1990, 1991 to 2004, 2005 to
2012, and 2013 to 2020, respectively. Based on the standard map service website GS(2020)4619 of the Ministry of Natural Resources, the boundary of

the base map is not modified.
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Fig. 11 Correlation between edible forage yield and annual precipitation (a) and annual average temperature (b)
T BREUR R b o b PR 45 R 3 GS(2020)4619 5 i s B A € B 1 R DG 2k . Based on the standard map service website GS(2020)4619 of

the Ministry of Natural Resources, the boundary of the base map is not modified.
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Fig. 12 Spatial distribution of the relative importance of
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precipitation and temperature on the yield of edible forage
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