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Abstract: Evaluating the effectiveness of forage-livestock balance is crucial for the rational management of grasslands
and the sustainable development of grassland livestock. In this study, we utilized remote sensing technology to
obtain data on vegetation characteristics and established baseline vegetation indicators based on expert opinions. The
effectiveness of forage-livestock balance implementation was assessed, and the reliability of this strategy was

explored using traditional methods. Additionally, we developed a comprehensive forage-livestock balance index
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(CFBD) to evaluate effectiveness at the village scale. The results indicated that, based on remote sensing inversion,
some grasslands in Shandan County, Gansu Province, were overgrazed in 2022, but the overgrazed area and
severely overgrazed area accounted for only 1.09% of the total area. There were significant differences in the CFBI
among the grasslands in various administrative villages (range, —10.91 to —3.72). The remote sensing-based
method for assessing the effectiveness of forage-livestock balance provides scientific evidence for the dynamic
adjustment of grazing and non-grazing zones in Shandan County.

Key words: remote sensing inversion; forage-livestock balance; the present situation of grassland utilization;

comprehensive forage-livestock balance index
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Fig.1 Location of study area, distribution of grassland types, and sampling points

BET R BE R A v PR IR 55 090 3 H S (2023) 105 R S(2023) 322 54 ot b IR LG 13 D6 & ¥ . Based on the standard map service website
Gan S(2023) No.10 and Gan S(2023) No.322 of the Ministry of Natural Resources, the boundary of the base map is not modified.
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Table 1 Reference values of vegetation indicators during the growing season for different types of grassland

IR FE Bk 75 B RERE S BEARXT (o8 RIRHCE A RIRMCE I E A o T iRe
Grassland Fractional vegeta~ VRGeS Residual biomass B U > R Anti-interfer-
type tion coverage Rate of decrease in FVC ~ (RB,kg-hm *)  Rate of decrease in RB as  ence ability (A)
(FVC, %) as a percentage (7)) a percentage (T,)

1 FE /A 2& Alpine meadow 50 — 200 — 6

111} % £ 2§ Mountain meadow 50 - 270 — 6

15 55 2 Temperate steppe 45 — 290 — 4

1 B AR TR 2 Temperate steppe desert 30 — 250 — 3

IR PEFE B Temperate desert 10 — 230 — 2

I 1 52 5 [ 28 Temperate desert steppe 35 — 200 — 1

i 5 B {H Maximum threshold (T,,.) —

max

30

) LR A E PR A O TR AN R AT BLEk A AR
DX P R T AR B L R T R T A AR BORN 25  RE
& OF i 48 B A 18 b o W& CF A 48 %L (forage-
livestock balance index, FBI) Jf& 4§ £ X} /R [a] #2 J& 119 %2
P25 A 3 E (CD) BEAT 40 A6 FHE Y J5 A (8, AN ()
CI5 H X I 1) B 8 A 16 B L 36 3. 255 Wi A4
% (comprehensive forage-livestock balance index,
CEFBI) 52 18 ¥ 5 — X B A AN [7) B &5 - £l 48 805 H P
P T AR B AP AR, R B i — R DX B N s

K2 GESESEETERALSR

Table 2 Comprehensive index and

classification

forage-livestock balance

9% Grade

Za i Cl

A # % Non-overgrazed

FLASE- £ Balance

4 Overgrazed

5 B 4K Severe overgrazed

CI=25

CI: %4 %18 Comprehensive index; F[A] The same below.

AR BB 2R 45 b5, T SE B 1 X8 1L P B4 A7 BOR & P AR DL O 23 5 R4 o CEBIZE R UL, R W 5o 7 ik

BLHLLE  CEBIM & W82z . AT
CFBI=>"

1

(FBI, X s5/S)

(4)

K CFBIR/R 58 W8 VA48 50 FBLAR R %R R 4> 20 (8 DX 8] A 0 2 - 7 15 205 5, 3R 2R 25 0 20 IXC 1) Y
A hm*; S FoR I B R A, hm?; 7 3R R 2R R 5

®3 GESECISEEZFEHEH

Table 3 CI and forage-livestock balance index

J¥ 5 Number g4 Ecl B F P i 46 B FBI J¥5 Number g4 Ecl TE P FE AL FBI
1 CI<—250 —11 12 0<CI<25 0
2 —250<<CI=<—225 —10 13 25<CCI<<50 1
3 —225<CI<<—200 —9 14 50<<CI<75 2
4 —200<<CI=<—175 -8 15 75<CCI<<100 3
5 —175<<CI<—150 —7 16 100<<CI<<125 4
6 —150<<CI<—125 —6 17 125<CI<{150 5
7 —125<<CI<<—100 -5 18 150<<CI<{175 6
8 —100<<CI<—75 —4 19 175<CCI<.200 7
9 —75<CI<—50 -3 20 200<CI<225 8

10 —50<<CI<—25 —2 21 225<CI<250 9
11 —25<<CI<<0 —1 22 CI>250 10

FBI: Forage-livestock balance index; | [i] The same below.
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interference index, CAD) , 324X WTF -

CAI=>" (A, X 5/S) (5)
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TR BCAS & 3, ) QK U5 A 45 4 23 S B80UR S0 5 & AP0 AR i A K Bk b 40 Ak 1 B 5T s AR SR
JH 5 W00 F8 B R4 AR BT BEER BT (number of patches, NP) -2 5 5t i #1 (mean patches size, MPS) . [fij f4
JINALE 21T 1R 48 %k (area-weighted mean shape index, AWMSI) 15 4£ & (aggregation index, AT){E b & b 41 % {k
B PE MY F8 B, FH 2 W43 13 (analytic hierarchy process, AHP) i i€ £ ¥F- 4 48 45 18 25 5 AL # (SPSSPRO 2022) , 2K
2 1 & 285 1T 55 11 50 5 b 40 5 AL 27 4 48 B (comprehensive index of grassland fragmentation, CIGF)™', 115
A=W U

CIGF=>" kX w, (6)
K+ CIGF 7% 5 4 20 B AL 25 4 18 05 & AR 5 ¢ 55 LA B0 5 wo B0 35 0 D PRI 46 4 (R AL T (1 5/ 0 A5 6

¥ .
1.4 HHH2

K Excel 2019 #0447 Bl B BRI 850 b7, 6 F SPSSPRO 2022 #E 47 J2 40 H7 5 2R A AreGIS 10. 8 #E 47
AR BE 73 Fr s A Excel 2019 R Studio 2022 A1 AreGIS 10. 8 #7414 .

2 HBREHSH

2.1 FMAARE B K ARG T AR M RO R

5E°T Sentinel-2 4l NDVILEVI 8 %55 51 ke 7 LU PF-EL 50 A 9 55 B 0 980 4% 1008 B0 A7 o SO R i (R 4) .
Zi R, T NDVILEVIH A Y 8~ RB S i A A4 v, 3 T ND VI i) 3fe R A AL (y=13132x""") B HAth 7 4> 15274
404K BE 5, R*=0. 8194 .RMSE=318. 09 kg*hm * . MAE=222. 31 kg-hm *,P<C0.001; 8 FVC JZ J# # 1 hr ,
JEF NDVI X BB R (y=37. 6011In x+142. 08) B HAh 7 A5 (g 545 B2 55 , R°=0. 7260 . RMSE=15. 06 %% .
MAE=12.82%,P<0.001. & W] 5 T A [a] hif 1 45 B 2 iy L AL i NDVI R 45 R I8 T EVIL % T Sentinel-2
ND V{4 1L P+ B 5 A7 5 i K 0 A 30 o B0 A S 245 100 43 A UL TR] 2, JFL ) o4 P o 0 A7 6 v i X 3 2 1 LA L P B
AR B A L X (& 2b) o
2.2 A THEARRHEET FHEELRRZN 5 H
2.2.1 REECPASCHEACHR  E A A R EU bR S bR R R A S (R L AR B T PR R E TR
o WEFE &I, 1L PE L S A ma XA CTAIG (] 3a) , AN [] 2 8 V-4l 55 9 1) o A 8 38 57, M 2k ™ 3 68 20tk 1
FZ W IAE P B B DAVE PE G A 1 XL K B b A (T 3b) o L Pk B b A () R S A AT 6T N Y R T AR
7 e DR O 2 R 8 #mT B S R B 98, 1200, FOE SR E R AR L 1. 0920 (1 4) o AR STk 341, 1t P
BAR K E PR AE RS R 1168340 2 5, i b Ll PR B 5 b 2022 45 BE 38 & 1 (60173 3£ ), Rl AL 48 07 i 4y
B, & B 2022 4F 11 PFEL R A7 A2 ™ B 2 (OR=18420) .
2.2.2 LGB EE TS ARRAE B LR R R AS R R 0 R T AR 25 o (e 0 AT A Ak R HE
T AEL AR A5 7 1L PF B b B A R s IR o0 A B TR LR AR (1 5) o 5 SR B Ll PR BELAS T 2 T A 4 B0
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Table 4 Regression analysis and accuracy evaluation of grassland FVC and RB retrieved from Sentinel-2

L BEFE K LR E =g eS| P R’ RMSE MAE P
Vegetation index  Vegetation indicators Model type Model

NDVI RB (kg-hm™?) e R Power y=131322"%* 0.8194 318.09 222. 31 R

2 ¥k Linear y=9600. 92— 659. 99 0. 8074 348.23 288. 64 Hokk

18 % Exponential y=141.02¢> ™ 0.7571 398. 22 251.93 ok

XX Logarithmic y=1699. 3In r+4221.7 0.7229 480. 50 433.19 o

FVC (%) XX Logarithmic y=37.601In x+142. 08 0.7260 15.06 12.82 ok

I Bt Power y=189. 552" % 0. 7007 17. 94 15. 62 ok

2 ¥k Linear y=188. 9x+37.41 0. 6606 18.08 16. 06 ook

#6 %X Exponential y=40. 882¢* 7 0.5849 21.30 19.18 K

EVI RB (kg+hm %) 551 Exponential y=144. 26¢> 47" 0.7789 458. 31 290. 33 o

I B Power y=3987. 12" 77 0.6913 539. 38 308. 35 ok

2 ¥k Linear y=6304. 20— 697. 44 0. 6551 398. 51 339. 40 Hokk

X} ¥ Logarithmic y=1406. 1ln +2951. 1 0.4986 503.42 398. 30 ok

FVC (%) XX Logarithmic y=37.859In 2+ 126. 64 0.5921 17.29 14.01 o

I Power y=153. 122" %% 0.5811 19.79 16.58 ok

2k Hk Linear y=132. 762+36. 095 0. 5491 19.11 16. 64 ook

16 % Exponential y=39. 971" " 0. 4803 22.25 19.73 ok

sk, P<20.001; NDVI: JH—fb 9% 45 %X Normalized difference vegetation index; EVI: 335 %I 4% 4 5 50 Enhanced vegetation index; RB: o 4% i 80
17 48 Residual biomass; FVC: Hi # 35 J& Fractional vegetation coverage; R*: t & & %t Determination coefficient; RMSE: 1475 # i% 25 Root mean

square error; MAE: V344 X} % 25 Mean absolute error. F [i] The same below.

T o 2
Fractional vegetation
coverage (%)

(10" kg-hm™)

. 0-40.0 - 0-0.3
B 40.0~50.6 ¥, B 0.3~0.5
£ 50.6~58.8 i\ £30.5~0.8
mm 58.8-67.5 & m0.8~1.2
B 67.5~78.8 ‘? .2~ & (iilen
B 78.8~100.0 ' -] .8~5.2

B2 LWABEMEHRZE()SHAKEREFEE (D)ZTEHIH
Fig. 2 Spatial distribution of fractional vegetation coverage (a) and residual biomass (b) in Shandan County grasslands
FE T E AR B IR ot IR 55 090 kS (2023) 322 5 A i ] i A L I Bl 2 B & 2. Based on the standard map service website Gan S (2023)
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Fig. 3 Spatial distribution of comprehensive index (a) and forage-livestock balance grade (b) in Shandan County
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Fig. 5 Spatial distribution of forage-livestock index (a) and area proportion (b) in Shandan County
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Table 5 CFBI for each village in Shandan County

¥ Village CFBI

RVB K Zhuwan village —10.91
il f) Zhonghe village —10.82

[ #F Shanghe village —10.76
BF S [HA (A% ) State owned land in Laojun town (Yangzhong farm) —10.56
72 5 E AT + 4 (3£ 58 1) State owned land in Laojun town (Yanghukou) —10.47
BE G EA (B E | FE M) State owned land in Laojun town (Laojun, Fengchengbaotan) —10.45
o # K Maying village —10.40
B R Xindun village —10. 39
fik 1 # Xiakou village —10. 38
T R Hewan village —10.28
i R AT Xinquan village —10. 27
K # 1M 3% Dahuangshan forest farm —10.25
11T I AT Qianshan village —10.17
75111 A Dongshan village —10.15
7R 15 #f Donggou village —10.12
Je [ i Jiahe village —10.05
i P A H (R V09T J B 1L ) State owned land in Chenhu town (Dashahe and Heishanzi) —10.01
EF S A (55 3 1445 ) State owned land in Laojun town (Qingyangkou farm) —10. 00
T4 4 £ Xigou village —9.96
FE FE 4 Louzhuang village —9.87
E R Yanghugou village —9.86
Z IR Guoquan village —9.84
W #F Chengnan village —9.82
Z PR Yaopo village —9.81
T SR B A - Ml (B 7 L) State owned land in Qingquan town (Liaogao mountains) —9.54

AP AT Xiahexi village —9.52
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23 Continued Table

# Village CFBI
I 1 FF Shangshanwan village —9.49
BE G FEA (B M A KR ) State owned land in Laojun town (Huacaotan and Dongshuiquan) —9.46
VBB K Shagou village —9.43
XIJE RS Liuzhuang village —9.37
5 P81 A (B 1) State owned land in Chenhu town (Beishan) —9.36
7T FE A Wangzhuang village —9.35
T A Xiahe village —9.26
LHEAT Beitan village —9.18
= %&#} Shangzhai village —9.15
WE R EA b (R0l FE 53 ) State owned land in Qingquan town (Zhongmu Shandan Racecourse ) —9.09
[ 7 48 A - Ml (B P 23 3 ) State owned land in Chenhu town (Chenhugongtan) —9.08
I A Liuyin village —9.03
AT Yangba village —8.99
7R X AT Dongguan village —8.96
11175 k) Shanwan village —8.96
{11 A Houshan village —8.87
75 Lubao village —8.79
B K Shuanghu village —8.78
K EHEA 14 State owned land in Damaying town —8.78
P AL Siba village —8.76
v A7 S 47 1 H (7 JT) State owned land in Weiqi town (Xinkai) —8.73
FE R Duzhuang village —8.66
B A Xinzhuang village —8. 64
5 i A Gaomiao village —8.56
B 2 A 4 M (B 1) State owned land in Laojun town ( Yanzhi Mountain) —8.48
{7 & K Weiqi village —8.47
T %EH Xiazhai village —8.46
% K} Panzhuang village —8.28
3 7 B A7 £ H (B 1) State owned land in Weiqi town (Beishan) —8.26
1 ZE #f Bazhai village —8.15
HF S A (B FR3%) State owned land in Laojun town (Liangzhong farm) —7.84
J& FE#f Zhouzhuang village —7.78
I A Xinkai village —7.68
ST A Wuning village —7.67
o BLARAS Ershi village —7.14
T P91 AT Xiaxishan village —7.01
AE2E Ff Huazhai village —6.95
5 1R Gaohu village —6.93
P 1L A Shangxishan village —6.66
T SR B A7 1 H (JE i) State owned land in Qingquan town (Beishan) —6.51
1 B K] Shilibao village —5.66
ZR AR BRI A 1 i (6 ) State owned land in Dongle town (Beitan) —5.44
ZE SR Liquan village —5.43
HLEFF Zhuzhuang village —5.24
ZR AR B A 4 M (1L 2R £ ) State owned land in Dongle town ( Shanyangbaotan) —5.24
213 Wk Hongsihu village —3.72

CFBI: £ 4 5% T-#7 15 8 Comprehensive forage-livestock balance index.
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Table 6 Description of each indicator

Iji B Project % K{f Maximum value fe/IMA Minimum value T Weight (%)
M 1 R Grassland area ( X 10" hm®) 3.50 0. 0004 —
LA P T 48 $ Comprehensive anti-interference index 5.57 1.00 —
BEH I Number of patches 205. 00 1.00 39.08
SF- ¥4 5 B 1 B Mean patch size (hm®) 3401. 37 1.47 39.08
TR RIS 4K 48 %0 Area-weighted mean shape index 15.37 1.60 15.08
RAEE Aggregation index 98.81 67.18 6.74
B A0 R Ak 25 A 45 B Comprehensive index of grassland fragmentation 1338.90 6.70 —
29
~ a b b ® L] s 9 c
= s R'=0.02,P=0.229 |
E 3.0 3. - < [ 2 i
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Fig. 7 The relationship between comprehensive forage-livestock balance index of each village and grassland area, CAI, CIGF

CAIL: Zi4 41T 448 %L Comprehensive anti-interference index; CIGF : b 4 #% k. 25 4 45 5 Comprehensive index of grassland fragmentation.
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