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Optimization strategy and management decision-making in balancing forage and

livestock in Gannan pastoral area
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Abstract; Gannan pastoral area is not only an important animal husbandry production base in Gansu Province, but also one
of the nation’s major ethnic concentration areas. In recent years, the increasingly intensified degradation of grasslands in the
Gannan pastoral area has been the “bottleneck” factor in restricting grassland animal husbandry and socio-economic
development, and in the same time, it has become a very serious eco-environment problem. Therefore, it is important to
further examine what might be the best strategy to balance grassland area and livestock number. This should play an
important role to maintain the sustainable development in social and economic for the area. In this study, a multi-objective
programming approach in Matlab 7.9 software package is used to develop an optimization and management strategy, for the
year 2009 —2011, in maintaining a balance between forage supply and livestock need in the study area, based on dynamic
monitoring data of grassland livestock husbandry and social-economic information before 2009. The purposes of the study are
to maintain the balance between forage and livestock and to benefit regional social-economic development while protecting
environment. In the study, quantitative changes, in livestock population structure, net increase rate, global increase rate,
herd market and slaughter rates, and famers’ net income in two different optimization plans (increase or decrease livestock
number) , are analyzed and compared under five constraints of herd structure optimization, livestock production goal, forage

and livestock balance, regional social-economic development, and environmental protection. The results suggest that the

BT WK & ARMI KR L T(2007AA102232) ; B H HAHE QU TR & KWH & % & 00H (708089 ) 5 H KA L # iR Wi H
(2009BAC53B01) ¥EBh

W5 BH3:2010-01-13; &iT H#5:2010-09-24

* W IHAEZ Corresponding author. E-mail ; tgliang@ lzu. edu. cn

http ://www. ecologica. cn



1112 A % R 314

strategy of reducing livestock number is a fundamental way to reach our goal. It is found that, in the period of 2009 —
2011, the optimal percentage of sheep, goats, cattle, horses and mules in the study area should be 68.5% , 6. 4% ,
25.0% , 0.1% and 0. 1% , respectively. This, as compared with the year 2008, is an increase of 11. 8% for sheep, a
decrease of 1.6% , 8.6% , 1.1% and 0.4% for goats, cattle, horses and mules, respectively. Under condition of grazing
throughout an entire year without supplementary feedings, the appropriate stocking rate of natural grasslands in the area is
between 2. 955 —5. 029 million su. In recent years, however, overgrazing of natural grassland has been extremely serious in
the study area. For instance, it is found that the overloading rate in the study area was up to 72.9% in year 2008, over the
maximum carrying capacity of natural grassland, plus supplementary feeding conditions. Grassland and livestock balance is
actually a dynamic equilibrium among human being, grassland and livestock, which involves grassland, livestock, eco-
environment, socio-economic, and other factors. Based on this study, grassland and livestock balance management in the
study area should include; 1) appropriate adjustment of livestock number and type, improvement of breed, and optimization
of livestock population structure; 2) increase of livestock supplements by means of adjustment of crop planting area and
types, and increase of pasture area; 3) stabilizing areas of natural forest and grassland, and preserving eco-environment in
the pastoral area; 4) improving the efficiency of livestock husbandry and market rate of herd; and 5) strictly controlling

population growth and enhancing adjustment mechanism of national policy.

Key Words: Gannan pastoral area; balance between forage and livestock; multi-objective programming; optimization

strategy ; management decision-making
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Table 1 Constrains of optimization livestock population structure
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Table 2 Constrains of the objectives for animal husbandry production
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Table 3 Constrains of the status of social and economic incomes in the pastoral area
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bR SR e N T M TR 3 T AR T A O 2%, A R O AR e il RN Tt 8 i 3 7 L3
AT FL AR E, B0 ALY R AR (3R 4) .

T4 BRESHEAREH

Table 4 Constrains of ecological environment in the pastoral area

W H Item 24T Constrains 5 X Meaning
1 Fy=by L 39 AR MO S R B R T R 40 4 P
2 Fy=by HLI )R SR 3t R 5 R DR O T ML 038 4 K
3 by < T<by, W B R AR R R TR (1) PRt AL S BRI 5 AR R R TR (1) S TSI AR (s, ) RIS AR

T=s1 +5, +553 +54 (s12) \EUIX%WE*R(SB ) *ﬂ,&Ef&kﬁiﬂﬁ*ﬂﬁm)z*H

. i | T 148 A A S R AR VE I BN TFAR AR B MR (b5 ) 5k = 1—5, /- SRR A IS H.28 ok,
& m) < b B0 o, 8 TR )

s b= bis + big =5y 59y AFRPHEF(b,,) = FRIFHEFL b5 + FPIEINEFL b — 244F/ 0T AR (LGB HREI s, + B
—byy WH sy, + B by,)

6 S + 52 > byg 5 BRI B 4 5 TR B 5, 1 5, 43 90 4675 A B 50 T BRI RGBT 5 8 A

2.6 R BEXTR

FIFH Matlab 7.9 34 2 BARBLRI AT 581200 LA H AKX 2008 45 B LA i) 55 b 3 0Ol fak 23 26 5%
RIEGETHEE LA AR (2011 4F) H BB 2 28 5 AT R 2 S i DA 75 58 A8 BN 5 X Loy
B T7 %8 1 ORAIAS 4 558 B0 BN T 2008 AR AKE ) FIOLAETT 58 2 (FREF 2001—2008 4FF-2 % R IKF
I HAUIA I 0 B B BOR T 2008 AFARBLE) B R fFLHH PR SR iR Rl R AR AR Al
Wt PR | B R B A SC SRR B ORI AR, B 1 H B MUX R R A O A 7 S S IR (£ 5) .
3 #XR5iTie
3.1 AFEFEMECEESH I S o B

Z ARt B 45 R 32 fendi s LA a8 b, g4 L A SRR R O Ak He il o2 51 68. 5% |
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6.4% 25.0% 0. 1% F10. 1% . [F] 2008 4FAH LE , SRRIR B 4 S 50 A s n , 1L =F AR SRR 3 e 194
W (F 6,2 7)), HHBE Z5 e LRI 2009—2011 4F 3] 18] 75 Bk A7 48 A i I 4% | Hodh 48 2 L 491 17 42 5
11,8 AN 43, I A4 AT 1Y He 43 s/ 1.6 8.6.1.1.0.4 NA S, TEWEMmAL T Eh, Hi
e e A IR AL Lo 2 75, 4% 8.8% 14.8% \0.7% F10.3% . [A20084F 41 Fb , B %) A 1)

x5 HEHR2HMEEFEHERUARNEIEZEAREH
Table 5 Major constrains of forage and livestock balance for 2 kinds of optimization plans in Gannan pastoral area
FEEAHR LM Major constrains

PR EBAEE e S E R /% R/ % GRS/ T AEEER/ % SRR kg

Optimized Main - !
Global Net increase Slaughter Market Economical Forest & grass Boughten
Plan character . . .
increase rate rate benefit coverage fine feed
VES! IKF 2008 4ERY PRFF 2008 4F
VAR 20 -10 30 25 — 2k
First plan BT g > g g 1.3 427t I IKF AL
VEY ; ) . 1445 2008 .
1 ) 26. 1.4 2. 26. 2. 2
Second plan BN & >26.9 > >32.0 >26.5 Ry e RAH

TE2 MLy b, &2 & A0 T B R4 2001—2008 4 (19 fe/IME, H 3 2001—2008 4 1 K AE, W A & BUm ¥ £ 47 2001 —
2008 4 [ -3 K -

x6 BUFEEBHEMIERALER

Table 6 Optimization result of the primary indicators for sheep and goat population structures

FEMAE FEARbR RiiES A/ % Ptk % 2 AL/ %
Livestock Major indicator First plan Change rate Second plan Change rate
EiES EIFERS R 2275601 7.66 3230025 52.82
Sheep R A 1080091 6.81 1637267 61.90
HmE/ R 798832 32.24 258745 -57.17
AE&H/H 91038 81.21 105470 109.94
Hestr- sl H 133320 -12.79 109500 -28.37
ER R 887360 14.66 1428041 84.53
A/ R 28200 -50.62 28200 -50.62
AERAA/H 2167971 1.43 4212551 97.09
FEAFRET R 76104 14. 66 122476 84.53
2/ % 35.10 22.82 8.01 -71.97
AER/ % 4.00 68.31 3.27 37.38
AR/ % 39.10 26.32 11.28 -63.58
AR % 82.16 7.36 87.22 13.97
b 2/ 9 -4.73 -520.28 30.42 2602.99
B/ % 33.14 12.78 40. 82 38.94
IES ERIAAAL H 251022 -21.91 456303 41.95
Goat iE R R 130120 -13.86 236529 56.59
BRIV 141709 27.68 111355 0.33
AE&E/H 12220 -49.20 22213 -7.66
Heestr- gl R 17164 -13.49 17164 -13.49
FENFE R 98523 -13.86 179093 56.59
A/ R 22501 9.57 7500 -63.48
ERAA/H 200953 -33.34 492164 63.25
FEAFFET /K 8215 0.00 13378 62.85
LE ) 56.45 63.50 24 -29.32
AER/ % 4.87 -34.95 4.87 -34.95
AR/ % 61.32 45.97 29.27 -30.32
TR % 75.72 0.00 75.72 0.00
R/ % -19.95 220.93 7.86 -226.45
S/ % 32.41 10.22 35.49 20. 68

A =100 x (FLRIARBIE - 2008 4-{E ) /2008 4EE
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1 408 2 R RO R R L A3, 25 e A BT, 327 (R A Dl 2> 24 0 5 DU A A 38 ) Dk
(6, 7)), RHHIX 2 FOLATT ST LIE 78 H RO L A a0 70 3 e i A A R 8 2 A F
R TR e A A R 3 R A G A A PR R MR A LU S AR B, R M 2 D A i e, AN
DAL SE IR D SR R S AR A B

RT AHEIEBHEMERRLER

Table 7 Optimization result of the primary indicators for large livestock population structure

KA FEFER A% 1 AL/ % Ptk i 4 2 A%/ % Change rate
Livestock Major indicator First plan Change rate Second plan
4 ERILER/ 930138 -25.70 1765549 41.04
Ox iE Ak 429352 -23.74 814977 44.76
Rk & 354599 43.15 1368642 452.51
EREEVES 20268 -12.95 35996 54.60
HEFET-fygl/ 3k 79765 -3.99 50446 -39.28
ENTF K 263742 -18.14 504650 56.64
A/ 51422 15.64 10900 -75.49
ERAAL K 790670 -37.47 826015 -34.67
R AWES 27689 -19.58 44492 29.22
B/ % 38.12 92.66 77.52 291.75
AER/ % 2.18 17.15 2.04 9.61
AR/ 9 40.30 86.17 79.56 267.51
AR/ % 61.43 7.35 61.92 8.21
YA/ % -14.99 -1594.22 -53.21 —5402.99
R/ 9 19.78 3.56 25.73 34.70
5 IR/ VT 36818 ~17.43 41819 -6.22
Horse G R E /UL 10952 -11.46 13083 5.76
T & /T 27387 511.86 4476 0.00
Hgstr- gl it 1612 -0.86 1612 -0.86
AR EAT/ DG 4170 -0.95 5557 31.99
I A/ DE 300 -76.65 300 -76.65
AERAFAL/ DT 4398 -90.00 41587 -5.45
FEATAET /DT 308 12.34 535 95.12
T iR/ % 74.38 641.04 10.70 6.63
AR/ % 74.38 641.04 10.70 6.63
AR/ % 38.08 11.88 42.47 24.80
st 2/ % -88.05 6368.76 -0.55 -59.37
BHER/ % -14.49 -349.99 9.43 62.78
By AERAFAL/ DT 18000 -17.31 18000 -17.31
Mule HE/ T 11004 339.83 2502 0.00
Hestr-fygb/ 99 -92.69 99 -92.69
& A/ DE 1143 -60.73 1143 -60.74
AERAFAL/ DT 2082 -90.00 16542 -20.56
T E/ % 61.14 431.87 13.90 20.93
AR/ % 61.14 431.87 13.90 20.93
YA/ % -88.43 1936.96 -8.10 86.57
R/ -33.65 440.92 -0.55 -91.16

LA =100 x (FLRIAE—2008 4-{H ) /2008 4-{E

3.2 FETHRRDL T

it H R 2001—2008 47 H 4 & O A PR G BFFE 0P R 7 AR U AR EEAMA S T, H
R AR b B3 B i T KR A 295. 5 TiARiESE AL, FFR R 502.9 JTbRHEEHAL (£ 8) . L2008 4FE A, H
RN N TR RN =S b AP B T R 19760 hm® | A 77 6 7151 5038. 8 J1 ke, T4 34512. 3 ARdfEF AL, FiAEl AT
PEAERMA RS HLRDRH 205 50 180303, 1 ARHEFEH,2008 4F A 52 bri] % 14 % 4 9068593 ArifE - A,
o B KR M 3 3 B T PR L S EAMARIRBL AT, 2008 4FE H BN 2R 1K 72. 9% |, L PR 206 374k & 3825020
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FRUEERANT 5 IRORS DR, B #ME i35 1396132361 kg, 1 H g 42 2008 AR MR 4k 454 7 1.3
fCTC ., HIERT L, B e H e A DX A AR SR S P R S R, PRI R R A &
JEJT S, RS TR R GT H R AR bR AL A5 A SRR IR, H RS N A R R O ) A PR R
S RSN BT R B B ) i RS 7 e T PR AT A R R R SRR B A e i KO, DTG I A X 1)
PRI  EE LB B 25 I A A AR BE R IX Ak 25 22 55 R g SR A ] 2

*8 HEM7E1TRAEMEEREERE

Table 8 Standard for suitable carrying capacity of natural grassland in 7 counties and 1 city of Gannan Prefecture

FHONK ﬂﬁ%*{fﬂ ﬁﬁiﬂi;% :ﬁﬁzﬁi% ﬂﬁ%%ﬁﬁ iﬁﬁiﬂi% :ﬁﬁiﬁ%
Adminictrative Y JITFBRY HRRY L Re 71 LBR® LR
Region Herbage yield Sjuc:king d:insily Carlyiig \ce?paciti Herbage yield Sfoc:kfng d:insily Carryiﬁg \ca‘lpacit);
/(10*kg TH)  /(ApHEFHAL/hm®) /(10° FRUEERLL)  /(10°kg TH)  /(FREFRNAL/hm®) /(10 FRUETE L)
HrM 194167. 4 1.1 295.5 330389.4 1.9 502.9
AETH 12281.1 1.1 18.7 20977.0 1.8 31.9
I VB L 3718.7 1.1 5.7 6265.0 1.8 9.5
g H 22940. 4 1.0 34.9 38984. 0 1.8 59.3
FFith £ 3929.3 1.0 6.0 5988.2 1.6 9.1
LR 9097.7 1.0 13.8 14837.4 1.6 22.6
Tl B 724943 1.2 110.3 124035.1 2.1 188.8
fige iy B 32249.9 1.2 49.1 54749.2 2.0 83.3
Zii 37456.1 1.1 57.0 64553.5 1.8 98.3
@O FIRTEART M B A A U AR AT H R 2% B T AR GFE #7192 48 (2001—2008 ) - HI{E ;@) A% EAMA B AR LB AR A T H g 4% E il

FHRAE IR B Z4F (2001 —2008 ) Fe K AE

3.3 WX EFVAE R

I FIRXT LA AT AT DO B R Y EE HAR R 1 LGB IR T R I -R-F P AT
RN AR 55 [T, 2 R BB B DX At () Ak 25 0% R JRARAL SR, e xR Ab i, g X &
YA LR R 1) ELAACHE it AT R

(1) 38 B L B 50, e B AL AR AL B RESS 1 . LA 2008 R4 2858 5 4F N 7 BESS M 45 b o FLhlh, 7640
K11 2009—2011 45 P, 43 50 W 15 5] 2167971 H | FL 2008 41401130565 H A= F-H5 i1 15282 H ;1 %0
H1 2008 4EAAERE 301477 Hidi/b 5] 200953 H, AR FE8 A0 55K 11, 1% 5 4+ %0 1 2008 - AR 1264397
Sk F) 790670 3k AESAIRARIKF 12. 5% ; T AR A B0 T BEUEA TR R B2 1) 3% | AR B4 /D 34 7 R
#]30.0% , 535, LL2001—2008 445 2L 3 03 AN B AE R S 08 FE RS0 01448 B2 9 43 31 A A 28200 H
44 7500 HILAE (10900 k4 300 PELhA 1143 SKERF (3R 7,3K 8) o b O Rt A i I A e 2 52 B0 6
AR IR o4 3 A5, S oA o P A /R T i R RN 3 RS A T AR A R

(2) VAR AR AR 6 P v FEL R 2548, BN T e ¥ P T A, 3 v A MR KO o FE RS0 30T P, 3 2o 3B B A
10.0 hm® (4744 3.3 hm® , {145 2008 47K F-) AR HFHAH 1208. 2 hm® (4EF-1402.7 hm®) JET & [H R FESER
P 5545 it 81 % e VE I b AR 45 4 B TR, i 2008 4R 18 61146. 7 hm?® 340 23881 K A 4 70002. 86 hm* , A T.#E
T A 0% 10053. 1 hm® (#£9) , 2008 4FHEMN 1. 0% X S&42 = H RE HX A MR K- | 52305 35 1 i 4 PR Y T
B2 —

(3) FasE AR b T AR, S drfh X A= 253088, #Rk 2008 4R, H g 4N KRR B i AL 272.3 75 hm® , K
SR B N T ol o - T RAY 61. 9% ; MR AR 71,34 J7 hm® 38N 16.2% . A T8 HlH 7 A B FR 851 1k
SR, E A SO 5 B A 4 ) 28 B e P [ B 3 o AR B A R S it 3 T AR B AR M A (AR
P TR IR F 16.25% , O 35 RIAF] 61.99% (£ 9) , K et AR 37, 38w s i 5, R X AR 3
78
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(4) R & POl A F= a8 AR R ZERLRI, 485 L0 2E AR L SRR A BB T R/ RN 1 1 7
2001—2008 4EH R/ MEZ N, 7351 5.8% 6.8% 8.6% 4.4% F10.5% (F7.8) ; TEMRIAR L, BFREAIR
JABER R SRR R A E] - 9. 84% (28.70% 41.49% F137.98% (£ 9) . BLMX — HAR, MU
SN 5 3k R 75 0B Bl 5 e et 5t 1) 14, T b 17 32 AR DRI B e RS A R 2 S SR R A KO
PEEB R

(5) " Ag PN DR s E R EBCR RIS, H RSN 1978 4E 1 48. 16 7 A3G K 5] 2008 4F (1)
68.03 J3 A\, Hi 1978 4ERAR MRS I 42.3 J7 A,2008 4F A F] 52. 88 J7 A, 2008 4F [ A [T [ SR 48 K AT
SRWEIIR 7. 48%0, SEBR I, B E ST N % e N -3 Z RN —Fh sl 25 P, XN 450 R 3 2 R
SR HARAB I B R R 2 — . BLAh , AR ST 3t 08 & 7 28, R AE R R0 AR 0 1) 22 B Wl 25 A5 9K T LA
£ 2008 AF KK (H T BN RS T LA 449684712 kg, 124 T 683520762. 8 Ju( K 9) , HLRIAI & Sit4r
4 6318882 HRifEFH, [] 2008 AR AFA2EL 9068593 Frift - FRAAH HE , R H ST 75 0k 0k B 2749711 Fr
WEEHANL (£ 7,2 8) o R TSI AR R (0 & H bR, AR 80 B 7 58 2 224 1 3 40l A = BRI,
R — IR R B R AFAEAM 200 JC, LA 5 4F ) ] S35 EAME 942 27. 5 /20, Wi,
T RS s BN 100 K R 0 A b RS P R X R A R A S R S AR R R R
X3 K EAR, BRRECEAR (1) —(4) $5 TSN, 78 18 12 S st 1 7 RSt 43 DX 0 7 M B 8, 7 30 0 48 ™
V1Rl DX B A A 52 il % A B B 29 A0 A5 B, R IR E A X 55 2 03 N 1 A 45 T A5 B0 1Y) 5 ) A FH B
BLH

®9 HEMANKRPHEERHRAULER

Table 9 Optimization result of other indicators at the end of programming in Gannan Prefecture

FEAEbR A% AT/ % AT % 2 AL/ %
Major indicator Fist Plan Change rate Second plan Change rate
AR Population of farmers and herdsmen/ A 573955 2.26 573955 2.26
B HHE BT Forest area converted from crop land/hm? 10.00 -83.33 10.00 -83.33
B A BT Grass area converted from crop land/hm? 1208. 19 - 0.00 -
N TR ST B Total area of pasture/hm? 10053. 14 1.00 11581.01 16.35
FAREEH BT Total area of grassland/hm? 2722666.7 0.0 2723333.33 0.02
LR FHEEI AL Area of grains/hm? 31349.11 14.36 32239.00 17.60
TRFMEEIA Area of beans/hm? 6543.75 15.07 6729.50 18.34
TR T AN Area of oil crops/hm? 15522.37 14. 14 15963. 00 17.38
FHSEFME AL Area of beets/hm? 152.18 14.14 156.50 17.38
BTN Area of tuberous crops/hm? 5174.12 14.81 5321.00 18.07
TR AE T AL Area of green feed/hm? 11261.33 14.83 11581.00 18.09
AAEH) SIFFNE AL Total area of planting crops/hm? 70002. 86 14.48 71990. 00 17.73
AN TR EHE: Boughten fine feed/kg 449684712. 41 -64.00 1442131491.08 15.44
i3 Net increase rate/% -9.84 ~2006. 66 1.40 254.63
SR Global increase rate/% 28.70 9.93 35.17 35.77
HAL R Slaughtering rate/ % 41.49 29.76 34.64 20.08
T iR Market rate/ % 37.98 28.80 31.67 20.74
FEAF RS R Survival rate/% 69.16 7.66 71.67 12.34
BET-U /D% Death and decrease rate/% 7.00 4.97 3.24 -45.78
223U 25 Economic benefit/yuan 135867125. 30 0.07 0.00 ~100.00
R 35 2 Forest coverage/% 16.25 0.31 16.25 0.31
7 35 % Grassland coverage/ % 61.99 0.00 62.03 0.22

A =100 x (FLRIABIE - 2008 4-{E ) /2008 4E-E
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4 HHit

(1) Z Bitifb P g SRR, 03 U4k 7 2802 H R X B b 35 A0l T Rp 2 R SR AR A i 4% . AL
W1(2009—2011 4F) HEG 4 3 L3 A4 L SRR AP0 AL L B0 23 il ik 2] 68. 5% 6. 4% ,25. 0% 0. 1% Fll
0. 1% , 7] 2008 4-HH Lt , BURIA A A 48 E B0 A T, (i 25 4 S B8 R $iar 358 080 |, OF BB 45/ 1
TR 1) 5 B A T R AR A R 2 L N B i 11, 8 AN A, L3 AR SRR T A L5 DU 43 ) e
1.6 .8.6.1.1.0.4 NATA,

(2) FERAFHU H AL EAMAR AT, H R M R AR IS B3k & it N AR 295. 5 s, FIR
9502.9 JHRAEFEBANT o ST AR H RE HCX R SR e e 2 e O ™ o, e BROR SR B TS AR R i IR L R
FMAPIR AL ,2008 4FH R B HE 2 FRIE 72.9%

(3) HE A PR_ R N R 5 Z (R —Fh sl AP (), 95 it PR3 AR IAEE At S G S 2 Fh
HZE, Z B b mr e s R W B0 H a0 X B 3 A7 R Ak 3 R4S A RN O 4 v b A 2SR i H
b, I8 E DAL T SAH Y B DSR2 AL A6 % B 25 A | $ R AN AT R X AR S IR 3 8 ol
AR R AR AR R R 5 ) G BRI LR A D T — R A LR A R
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