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Abstract: Based on the Sustainable Grassland Model (SGM) model framework established previously, this study constructed
a yak growth and development module in the SGM yak sub-model. This was conducted to provide research tools and
decision-making support for the construction of a sustainable grazing production system on the Qinghai-Xizang Plateau. The
modified GRAZPLAN animal model and the partial paddock simulation method were used for the secondary development of
the SGM model on the MATLAB platform. Local sensitivity analysis was applied, and sensitive parameters for the
simulation of grazing yak dry matter intake (DMI) and live weight change were selected by calculating the sensitivity
coefficient (SC). Based on data published by others, the least squares method was used to construct a calibration model to
fulfill the module calibration. Liveweight data from the published literature were used to statistically compare the difference
between simulation data and observed data to conduct module validation. To demonstrate the application of the model, a
typical yak farm with moderately degraded pastures was analyzed based on data collected in the alpine meadow area of Maqu
County. The results showed that, after calibration and validation, the yak growth and development module in the SGM yak
sub-model was able to mimic grazing yak DMI and live weight gain. Results from the application demonstration showed that
the SGM model was able to mimic the effects of decreased stocking densities on grassland aboveground biomass, pasture
composition, grazing DMI, and live weight changes in the alpine meadow yak production system under traditional
management over longer timescales. This indicates that the SGM model is suitable for simulating the effects of stocking
density on the grazing production system in alpine areas on the Qinghai-Xizang Plateau. This simulation method has strong
potential for the development of a future grazing system model because it has the same functions as the two different sets of
parameters for sheep and cattle. However, calibration needs to be conducted based on the simulation object, and further
revision and development of yak lactation and grazing DMI are required.

Keywords: agricultural modelling; grazing production system; simulation; Qinghai-Xizang Plateau; yak; dry matter intake;
live weight gain
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Figure 1 Diagram showing the conceptual framework of the Sustainable Grassland Model
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Arrows represent the directions of data flow, and pasture n represents the multiple pastures or land available for one simulation.
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2 SGM 423! MATLAB &5 (TR & &
Figure 2 A diagrammatic outline of SGM model simulation execution in MATLAB
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The arrows represent the directions of data flow during execution; double arrows represent data produced and used in the coming functions or modules;

rectangular textboxes with texts represent the functions built in MATLAB; dotted boxes represent the yak growth and development module.
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Figure 3 The proportion of grassland aboveground biomass
allocated to each of the six dry matter digestibility pools in
relation to the nominated mean dry matter digestibility of

the grassland functional groups
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Figure 4 A flow chart demonstrating the execution sequence in yak nutrition and growth simulation in MATLAB function
Bk RN A BATHAR R TT A, b Input AN, NWo RF B IR HERER B, ME, & BFE @R AE T K, PL IR I A5
RKFRAE, DML, RTEPCREEBIN, ME,.,, RSB R K, ME, & éﬁﬁﬁlﬁiﬁé%i ME, 7& B} & Wb 7L T AR RE, Pro, 23R
PP, ME g 2 RRE R K, PLRBARRKRERE, LWGREETN, RREBEEHZE, Output £BAHKH .

Arrows represent the directions of the execution, in which Input is the simulation input required. NW,,, is the upper limit of normal weight in kg, ME|, is
metabolizable energy used for pregnancy, and PI, is provisional estimation for potential intake. DMIy, is daily grazing dry matter intake simulation, ME,,.
is metabolizable energy used for grazing, and ME,, is metabolizable energy used for maintenance. ME, is metabolizable energy used for lactation, Prg,
is protein balance simulation, and ME,, is the metabolizable energy cost of chilling. PI; is the final estimation for potential intake, LWG is live weight
change, RR is the reproductive rate of females, and Output is the simulation output produced.
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Table 1 Candidates for parameter sensitivity analysis and results of the statistic sensitivity coefficient

SH % HAT ZHE X e Y U E A2 Sensitivity coefficient
Parameter and unit Parameter description Bos taurus parameter 4 10% +20% + 40%
Cur/(head ke " A - Ho LA 2
re/(head-kg ) Stocking density : herbage availability 0.00078 0.48 0.46 0.42
Co/(MJI-kg ') EVG : 3% EVG : reference value 27 1.96 1.96 1.96
- RS = =
Coo/(MIkg ) BVG : FSEEL=1,BC=1) 203 0.88 0.88 0.89

EVG : EVG range with maturity at L =1 and BC =1

EVGRZRAERWIT R, LAWK, BCREMIEE, + 10%R R BUES B IR R EE N IN10% LS R BUR L R EL  +20%
A+ 40% 37 UK S B IR R AG E (- 38 71120% 140% LA SR8 IO IUR I R 3

EVG is the energy content in empty body weight change, L is the feeding level, and BC is the body condition score. + 10% represents the sensitivity
coefficients calculated as the absolute values of the ratio of + 10% change in the simulation results (output of the model) to + 10% change in parameter. +
20% or + 40% represents the sensitivity coefficients calculated as the absolute values of the ratio of + 20% or + 40% change in the simulation results (output
of the model) to + 20% or 40% change in parameter.
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B opse 22 95% BELAF X E T, B HEAN -2 1P
Fe t AT 7 BB S (DR bR R o RMSE $0{H /N T
RMSEyso, BUE , Ui W10 H0HE 7845 56 2 dis 95% B AR
DX ) 22 Py BIAS UL 45 R A 2

15 HARIREENE

1.5.1 BRI Rl A0

T 2010— 2015 4F7E H i & H Bk 5 6 M
i EL R B 2 i UG RE N 5 PO 1R e
IR P, AR AR A SR o IR A T R R
JR Z 63 (101°53717" E, 33°52/02" N). “‘F ¥k
3650 m, FEHE 1.1 °C, MR IR —29.6 °C, LA X TC
i, 4 0 IR K 2 583.9 h, %85 33.0 kI-em *, T3
P& K & 615.5 mm, K& 13534 mm, J& T = %M
P R SRR P R X R A S O e o ]
RIS F B VS BRL A # B (Kobresia capillifolia)-
% A & B (K humilis)s 7% B 5 (Scirpus pumilus)
PL K R AR B F 4F 55 (Stipa aliena) T FE $% Bl 5
(Elymus nutans) ) 55 B 50 (Agrostis stolonifera)
3 (Festuca ovina)s % 1% - # K (Poa poophagorum)
S MR T s H RART, 9 H AR, gt
W29 120 d, K FE K IL 240 do K & F I EFE A
5 AR BAEBBA S NE B, 10 HIKH
PN = L8

SGM #5 2 o 1) = i £ 4% DL RS il B H S % B0
A, BEER H Aom AR BRI AR
P3R4 B K B AR ot 3 i A, R P
FECE RIS SHRNE, % H IR A AR K
W 20 ORI 26 P S KR S e SRR A N - 9K 43 B
A, AR AE I 52 — VR 0 AR TR S B R 4 B

B A R F3R5R R AR B IR & BERE, X R X
Sy Oife LR, FIF R S 48R Y 1 R 5, KR
IR 32 J RIS B P 6 7 16 1 42 o 9 AL 2R Bl (R
DMD, o) B 34T N P51, U8R o A A A
Moy 22 5 kR
1.5.2 B 56 2045

T SCRR VAR, DAH IR AR sl K e TR b s 4
NV R HCHE PR 2 B P B D SR, A A A
W RO 56 B0l e (% 2. 36 3). RXGHUIE E R B
JEU = 1) BIF 7T B0 T R e A A AR A, A H0dE LA
20 40 80 F 90 F A K4 s 2) BE & VE A i 4w LA
RHRE A E 5 3) BRI A, w158 N, BT A
Hir o ke, R ERE LR ER L, 21T
§#% 1%, Ding 252 BORT 9t B0 4 T 98 2 R fr B
BEAL AL A0 o F T H AT A OO A 1 S
BB AE SIS, Dong 25" () 4 47 4 4 48 2 1R 06 B
W B R ORESORE . SRS, R R
ORGPV R (BSE R oA I LN e K&/ s
TG o T, KSR B 45 SR i & B
1.6 RIEIRHL

BT BB EHE 2, DLRT IR 5 PR e P %
KB NF, 46K KR STk TS 77k, 7
SGM 5 284 i 37 vy F€ B A [X BB 2R 0P (R IR
B4 ) R N e =Y, EE A SIS R
HOEAE B IR T R R KR AR AR
. KBS S AW Hd, 55 o AH Y TR
S EESAE'NRI S, KIEATHE S Pl
FHTCHCR % H R 7 W SR B P A R R L R E
WREAT ThRE LRI 73, 73 R B, B BL, 8K (E 5

R2 REEKLBEERBMURAERUNSHRERE

Table 2 Data for parameter calibration for grazing yak dry matter intake simulation for the yak growth and development module

311 H KEE RERERE RBBERIN T E b b A= L]+ BRSO
Daté /d Days after DM[/I ME contglrlt/ MEI/ . Live Green biomass/tgtal SD/ . Slope/
birth/d (kg'd ) MJ-kg ) [MJ-(head-d) ] weight’kg  biomass/(kg-hm “) *  (head-hm )* ok
227 2722 6.7 10.4 70.1 253 248/248 5 0
349 2 844 5.7 34 19.4 254 0/208 5 0
135 2995 2.4 12.8 30.6 187 67.8/158.2 5 0
288 3148 7.1 3.8 27.1 243 0/351 5 0

Date/e —FE 121365 RN FRE—K, I T BB IBELL,  * R IR S oR A B 2R3 1 85 s 11 BRAR
Date is the day of the year used for time simulation, DMI is dry matter intake, ME is the metabolizable energy, MEI is the metabolizable energy intake,

SD is the stocking density, and *represents assumptions made owing to the lack of information in the initial paper, which are the inputs required in the

current module calibration.
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Table 3 Data for parameter calibration for the yak liveweight change simulation for the yak growth and development module

b R eI XKEE BLRT A= BIEERE S H G
Acc/ Year Metabolizable energy Dry matter intake/ Live weight Live weight Average daily
gery content/(MJ-kg 1) [kg:(head-d) 1] starter/kg finisher/kg gain/(g-d 1)
3 10.26 348 118.00 140.60 452.00
3 8.44 2.51 117.50 134.20 334.00
2 9.67 2.28 109.50 124.60 302.00
2 8.32 2.03 110.40 124.20 276.00
2 8.00 1.54 110.90 122.60 234.00

BRI 495, AN, B RICHEE A,
HA3KONE A, LS PRI S BRI KT A
W& AURE D7 1R DAS 1 55 R E0HE 9 R, e ML YA
A P R P A T A A St B AR ) B AR () A
H g NV, AR 9t 2 BB A g N R4 2k 4 BT A,
A R By NV DL SCHR [7] B SR B AR RAW K
o TF sk a o M B ER, BERURTE AT R E KR E
BRI 5 S5 Rk 5 g, v RS 500F
L SCHR [7] B3 Ao AT FE 7R T AU R A % 1 458 42
ThAN SR AR Ak B IR VR G5 H B AR RS
e F) g R R 36 1 WL SRR [7]. B R B B dE
PLEG B 2010 4F H A G 5l ik, 347 20 £ HE
(1) R AR

FE T HT EARE AR, U E B R A AR R ) 2 s
M A Rk R i Erp 2 E, HOBTL X e
TR P IR L A AR U 2 1,30 DSE-hm * 7. A HF
AN 1Y 17 W it 1Y R 3% 5 A e S = 1
TR A AR R T IR B 4 4R AR AR (2 0.26
head-hm 7, 4% [ 1 Sk 46 4 29 R 54 26 5 R0 R 0% i
B N vy ) B A TR PR AR R R AR
. EYBE RS KE IR B2 MR E
AR K B RZ

2 gEHR

2.1 HREARERKEER

2 R AR AT R B R A LR SE,
e S I T AR A R T B R R A K R E
FEHR Cryn Cg M Coo 552 Bt 4 40U1E 73 791 79 0.000 78
head-kg '\ 27 MIkg ' #1203 MIkg '« H 4 Cpy
SRS WA R A FB 4 Coy ZEUBE S
NS HEE 1 53%, 84 2 BUBUE 1 62%:; %E
4 Coo ZEBE LI NN 4 S HUE I 148%, 45

R4 BAELYPREBESEA
Table 4 General information and inputs
for a typical yak farm

LN AN EFR

Input Winter pasture Summer pasture

BT FY Pasture arca/hm’ 133 213
BRI B FH I 1]

Rotation management/d

YRR S (B RARER)
Pasture composition
(desirable/undesirable)

iR RIEE e

Yak number initial/head
P H H Calving date 60
Hi#4 H 1 Selling date 280

bRifES IR
Standard reference weight/kg

#J/E # Birth weight/kg 15

215 150
0.3/0.7 0.4/0.6

123

300

Datef—4E 1365 K WIAEE—K, TR AR
Date is the day of the year used for time simulation.
BEER 182%. S5 A RTINS R, BR&HiE T SGM
LR TR A KR B BRIBUR S BOUE (£ 5).
R4 4 1R 2 2 BT TE B 1 AT 8 H R AR
TR PR G 06 B A, AR Y O MR AR 2=, AT R AR A
B K 56, 45 SR K B RMSE = 9.14, RMSEsy, =
203.15, RMSE /N T RMSEqs,, (2 6), ¥t B 145 H 14 &
DL B b 76 A6 56 B 48 95% BLAS X Al 2 PN, AL 4
Fra R 2k
22 RIEEMER
T A% G RCBY AR P2 A BT, 8 2R B4 s A
BT B (B SD), & AE AU A
Y BT E R, LTI, FE i YR
AL T B s (- 5A); B & BUIROE B 5
Hi R W) B VR D RE 2L S5 A B R IO A& B U
= P N e S b S Y= e g R U P
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RS BAEKALABERARUESHHEREE RESHERTARARRTERY)
Table 5 Demonstration and comparison of calibrated and validated parameters for the yak
growth and development module used in the model demonstration
SR BH G T s U ARt 1 7 AN
Parameter Parameter Bos taurus Bos indicus aramge ter value Calibration l?e ference
and unit description parameter parameter p vaid method
adopted
Ci/(kg""d ™'YV A Kt %35 4 Growth rate constant 0.0115 0.0115 0.004 1 LSM (7]
075y, AR AREHAE
Cin/MIkg ") B Gal metabolism : metabolic weight 0.36 0.31 0.37 LSM (7]
- =N
Coi/(head ke " TURE « Hh R 2 B
re/(head-kg ) Stocking density : herbage availability 0.00078 0.000 78 0.000 78 LSM
Cos/(MI'kg ) EVG : Z%{H EVG : reference value 27 232 14.3 LSM -
. EVG:B#EZEHL=1,BC=1)
Cg/(MI'kg ) EVG : EVG range with 20.3 16.5 30 LSM -
maturity at L=1and BC=1
N 24 N =1y = SN
C, o J(MJ ke * 7y WALIEAE AR R G A —3K)
o/l &) Peak yield scalar (suckling for one calf) 0.375 0.375 0.0197 LSM (7]
Cpo/d* WL H Peak time 30 30 83.31 LSM [7]
" R U 7L i T AR AR
Cuyl Shape scalar with one calf 0.6 0.6 2.029 LSM (7]
W ok Bk BE N )
C, J(MJ ke H* FReEIRSE SCHR R
1/(MJkg ) 3.1 3.1 3.8 Literature review L7

Milk energy content

EVGRZEAEB TR, LEWE/KT, BCRAMNIEE, LSMIRRR/DNIRE, *FoRiT oA RES R, ¥NSHR7].
EVG is the energy content in empty body weight change. L is the feeding level, BC is the body condition score, LSM represents the least squares method,

and * represents the calibration results from a previous report. See reference [7] for a detailed description.

o BRFEKABEERRUBBRER
Table 6 Validation data and results for the yak growth
and development module

Krge-F 34 H _eon BT H
Tr(f::\t%ent Rt - ﬁé’%m T .
ADG-V/(kg-d ) ADG-S/(kg-d )
ficae
Low energy 0.12 0.03 0.133 61
aili
Medium energy 0.25 0.07 0.233 62
R HE
High energy 0.20 0.05 0.221 22
RMSE 9.14
RMSEys0, 203.15

ADG-V is the average daily gain used for validation, and ADG-S is the
average daily gain from the simulation.

Fa g, HBEH B AR, RFBnEE R LT
BIA T REEY, SatplfaiRmas (8 5B) &%
B K LR BT E A, B R E S,
B UK £ RURAE S 2 4F Ja RS 8/ (B 50);
FeIBCR T (BL 3 2 BRI (B KBRS
JBCHUHS B AR T BB S /MELAE X R (18] SE)s 484

PR H (DL 3 %5 BEFEAR 9 fB) Bl A5 HOHOE ) B S B3
I (1 5F).

AR 5 A= P K R SRR RS R (B 6D,
T 48 FR 7E 0.25 head-hm ), & ZE MU B b F
AV AR BRI T B F s, B4 B R
W B A B S B R BURUE R (B 6A) BRI K
WU BAOE T, EFERMEE S pa TR
#, B EREES, BXFSEE T
BTSSR b 138 Ik 34 5 B H Bl Ad TR B A K
SURE A s B R R R K R D, R B
N AR R BEZRUBCR B & (DL 3 W BEEE AR N
B EH 3FEL G RMBE B A4 hE O3S
FREEAF 1) fe /IME A A% 8RO 28 38 K IR s
R, 2EEE MG PR E S . RIEE L
15 B B4R 28 & B 4 4 B IR (0.26 head+hm )
KREMRBBIE, FEZETHEZES, RITE 026
head-hm > ) 4 £F T 2 3E B 28 4037 5
I Th e 45 M P Ak oF 32 3 B Ui h B A )
B, AKX ERAb LAY RS — e E
TN, {H A 25 TR0 ) B b R ) T U T i 4 45 W R R4S
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Figure 5 Long-term effects of decreased stocking density on the production system of a
typical yak farm in the alpine meadow region
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Figure 6 Long-term effects of low stocking density on the production system of a typical yak farm in the alpine meadow region
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