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Estimation and change analysis of forage-livestock balance based on cold and warm season
grazing region division in Yushu Prefecture, China
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2. School of Geographical Sciences, Qinghai Normal University, Xining 810016, Qinghai, China;
3. State Key Laboratory of Remote Sensing Science, Beijing Normal University, Beijing 100875, China;
4. Qinghai General Station of Grassland, Xining 810008, Qinghai, China)
Abstract: Yushu Prefecture, China, represents a core area of the alpine ecological barrier area in the Qinghai-Tibet Plateau,
which combines agriculture and animal husbandry. The forage-livestock balance relates to the safety of ecological barrier and
plays an important role in scientific economic management of animal husbandry. Therefore, we explored the changes in
forage-livestock balance in the natural grassland of Yushu Prefecture, China, between 2014—2019. The MOD13A1 NDVI
and MOD17A3H NPP product, statistical data, and vegetation type data were mainly used. This study considered the grazing
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region in cold and warm seasons in each county of Yushu Prefecture according to rotation grazing practices. The reasonable
carrying capacity of natural grassland in each county was determined using "barrel effect" and the forage-livestock balance
was evaluated. According to the theoretical law of natural rotation grazing, the cold season grazing region was located in the
warm valley region, while the warm season grazing region was located in the alpine region, based on fixed area proportion
and spatio-temporal NDVI distribution. The cold-season grazing region hay fields were bigger than that of the warm-season
grazing region. Hay yields exhibited a fluctuating increasing trend in both cold and warm season grazing regions between
2014—2019. The average annual hay growth rate was > 3.00% in each county, of which the growth rate in the warm season
grazing region was higher than that in cold season grazing region. Between 2014— 2019, the forage-livestock balance in
Yushu Prefecture gradually fluctuated from critical overload or overload to equilibrium; however, forage-livestock balances
differed among counties, which might be attributable to the difference in the spatial scope of ecological engineering support
between nature reserves and national parks. Our findings contribute to formulating construction plans for Sanjiangyuan
Nature Reserves, National Parks, and realizing the benign development of the park’s ecology and animal husbandry

economy.

Keywords: remote sensing; rotational grazing; barrel effect; alpine grassland; livestock capacity; ecological barrier area;

Qinghai-Tibet Plateau
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Figure 1 Study area location
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Table 1 Normalized differential vegetation index (NDVI) range used to divide the grassland into cold
and warm seasons in each county of Yushu
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Table 2 Elevation range for cold and warm season grasslands
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Figure 4 Annual hay yield distributions between 2014—2019 in Yushu
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Figure 5 Annual hay yield of grasslands in warm and cold
seasons in Yushu between 2014—2019
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Figure 6 Annual hay yield of grassland in warm and cold seasons for each county of Yushu between 2014—2019
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*3 ERMREE () 2014—2019 FHERHEES
Table 3 Theoretical carrying capacity of each country of Yushu between 2014-2019
x 10" sheep
MRz B .3 §20 FE2= i PR3 B HEHE ER N ER PN
i Chenduo County Nanggian County Zaduo County Qumalai County Zhiduo County  Yushu City Yu/silu P{efeclztlure
Year % B » %o A m A | A W A | fjﬁ %fy ing
Cold  Warm Cold Warm  Cold Warm Cold Warm  Cold Warm Cold Warm capacity
2014 107.1  102.8 80.7 97.8 1912 1685 2167 1606 171.2 1403 97.8 121.6 750.7
2015 1108  102.4 86.4 1094 2058 1779 2177 161.3 1797 1422 104.7 1333 774.9
2016 1252 120.7 90.5 1159 2219 1989 253.6 199.8 2035 167.8 115.0 1457 892.7
2017 1237 1189 92.4 1155 2150 189.6 2415 179.0 193.8 156.1 112.5 143.0 848.5
2018 133.1 1343 91.7 1149  236.0 2105 2853 2164 2247 1833 1152 1459 951.4
2019 127.8  123.7 95.4 121.3 2331 198.6 2534 1952 2024 1613 116.6 149.2 890.8

P FRAT IR KA TR X M BE BE & TR FR AT TR MRS X B R B A

“Cold” indicates the theoretical carrying capacity of cold season grassland divided in this study; “Warm” indicates the theoretical carrying capacity of

grassland in warm season divided by this study.

5 bR E B H N A E P AR (P) (R 4) R,
EEHEEREENIGKBAT (& 3), WML
br#l s & 25k B e N R &5 0 mE
KR EENZE BT, BB EE, HRERZ
SO EMBZE, ME AN LERD.
&P T, RN BRI S A E 'R
A — 2, B P AE 2 305 Uk 3 K 5 R 1 B
P T 6 4E PAEIITE 30% PLF, Hr1 2014, 2015,
2016. 2017 (1) PAE 7 318 19.50% 29.30%- 17.40%
F128.70%, B AL T8 #CRAS, 2018 4 K LA f5 P {E )
KR T FEE 10% LA, Bl 2018— 2019 4F 2L 5 &
P N EE R BB, &5 () 6 1) P E W3k
PR, B2 TEER. Ky, k2B B2 H

R pR3E B PSS /N T 10%, BHFEH B A 2
(P<-10%) FIFE W % Fx 2 LA AL T 30 & P 1
(7K P s AR T R ZE e B MR TR SR B R A B
HEHESHRITMLREEERE, B8 6FMW
P AE KL T PR TE 3 30 BE AR 3, (B4 TH 3R IR Bl ™
HAGEBCRE, BB ERM 2014—2017 4F 18 2
R E Bl B AT e B k. SRR YL, R
P R 50 0 g 0 R IXER 2, T PE L X B AN R .
R BLE, TR E AR ORI E 5K A [l [F] B AR
) EL (), AT AR BT XUEE 2B 25 TR A SE i, 3 4 3
T RARTAR X B E T s A S RS
T O A FEART R & B, 1 EICE H R R
DX 3 75 1) B (), WTREF T — AR S TREMI SR T

F4 ERMNEEE (M) WERBEE (Aco) REEFEIER (P)

Table 4 Actual livestock capacity (Acc) and forage-livestock balance index (P) for Yushu and its counties

EZZ0 i rEH iy R S 2L IGEZ= EWT EX Pl
. Chenduo County Nanggian County =~ Zaduo County ~Qumalai County ~Zhiduo County ~ Yushu City  Yushu Prefecture

G
Year Acc/4 Acc/4 Acc/4 ’ Acc/4 Acc/4 Acc/4

(x 10 P/% (x 10 Pl% x10° P%  (x10 P/% x10° P% (x10° P/% (x 10 P/%

sheep) sheep) sheep) sheep) sheep) sheep) sheep)
2014 104.84 1.90 181.36  124.00 137.55 —18.40 117.63 -26.80 118.72 —15.40 237.35 142.00 897.45 19.50
2015 115.69 12.90 199.12  130.00 160.30 —9.80 15828 —1.90 135.03 -5.00 233.80 123.00 1002.22 29.30
2016 125.62  4.00 205.33  127.00 165.21 —16.90 168.89 -15.50 156.50 —-6.70 226.83 97.20 1048.38 17.40
2017 131.92 1090 20891 126.00 179.32 -540 178.59 -0.20 166.18 6.50 227.47 102.20 1092.39 28.70
2018 122.75 —8.60 198.97 117.00 174.54 —-17.10 157.01 -27.40 141.21 -22.90 21530 86.90 1009.78 6.10
2019 128.06  3.50 151.60 5890 162.10 —18.40 14436 -26.10 135.14 —16.20 202.04 73.30 92330  3.60
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