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Abstract

Chinese grasslands are suffering considerable pressures from human amcklivest
populations. It has been estimated that 90% of Chinese grasslands are sudferinght to
heavy levels of degradation. Allied to this is the low household income of henders a
farmers dependant upon livestock products for their livelihood. Although a range of reasons
have been proposed for the high levels of grassland degradation, principal amoagethese
the high stocking rates adopted by farmers. This not only results in high igtilisates of

the pasture biomass, leading to bare areas and soil erosion, but individual animalpipducti
rates also decline. This paper presents the results of a modelling study sdlangtaystem

in Gansu Province and Inner Mongolia Autonomous Region in northern China. This shows
that reducing stocking rates leads to not only an increase in livestock proglubtititvhole-
farm returns are also increased. From a sustainability perspectigee#tter pasture biomass
remaining on the grassland also reduces the incidence of soil erosion in the areas

Keywords: sustainable grazing, bioeconomic model, China.

1. Introduction

The area of grasslands in China is about 390 million hectares, which represents 41% of the
total area of China (Nan 2005). About 70% of China’s population of 1.3 billion people live in
rural areas, and many of these depend upon grasslands for livestock production (Xu et al
2006). Consequently, the management and state of Chinese grasslands has important
implications for China’s welfare and productivity.

It is estimated that over 90% of Chinese grasslands are facing subsiegtaation
problems from overgrazing by livestock as evidenced by a reduction in grasslaageher
mass, soil erosion and declining agricultural productivity. Moreover, the problem is
worsening as evident by the area of degraded grasslands in China expandatg af 2
million hectares a year. This is equivalent to 0.5% of the current total grassand ar
Desertification of grazing areas is a particular problem in Inner Blangutonomous
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Region and Gansu Province due to a combination of management and changing
environmental conditions.

There are two aspects to grassland degradation; the conversion ofngréssigricultural

land and over-exploitation of existing grassland (Nan 2005). Due to increasing population
pressures large areas of grassland have been converted to cropland ovebthggzast

Many of these areas are now highly degraded due to a combination of cultivation, lack of
vegetation cover and strong winds, and are a major source of dust storms in northern China
There has been both a reduction in the size of the area of grasslands and a thed for i
support more livestock to meet various policy initiatives (Wang and Ripley 1997). As the
grassland environment has worsened the quantity and quality of high qualitysgnadse
legumes has declined, leading to deterioration in the economic viability ofatesse

Combined with a reduction in herbage mass and enhanced wind erosion of the top soll, the
future ecological and economic viability of many grassland areas isanegsit.

Inner Mongolia has been one of the most rapidly growing regions in China for the past 50
years. This development has resulted in significant areas being cleacedds, and the
remaining grassland area kept in livestock production has become overgrazed. Inner
Mongolia now has a significant problem with wind erosion in winter and spring wioergstr
winds pass through from Siberia towards the Pacific. The on-site consequetitesaif
erosion are nutrients being lost when soil particles are blown downwind, redu¢ing soi
productivity. The off-site impacts occur from the soil particles beingezhtong distances.
Commonly cited examples of the impact of dust storms in cities such as BagiAgkyo
include loss in visibility, soil deposition on buildings and infrastructure, and & &ng

human illnesses such as respiratory diseases (Wang et al 2002).

This paper presents a component of an Australian Centre for Internationallgaic
Research (ACIAR) funded project (Sustainable development of grasslandgsemw@sina:
ACIAR LPS/2001/094). The focus here is to present a bioeconomic modelling framework
developed to evaluate the impact of alternative livestock management syptams
grassland biomass, soil erosion, soil depth, soil fertility, and economic returnsodbkisn
used to evaluate the impact of different stocking rates and the potential for adofatntigal
grazing management system. The results presented in this paper should be viewed as
preliminary in nature, as further effort is required to improve local dataoavalitiate

various functional relationships included in the model.

2. The case-study region

The case-study area reported here is Siziwang Banner in Inner MongalizoAidus Region

in northern China (Figure 1). Siziwang lies approximately 150 km north of Hohhot, the
capital of Inner Mongolia, and is generally described as ‘desert steppems of climate,
vegetation and terrain. The climate can be extreme and is typified by a siwgrtiggseason

over summer, an average annual rainfall of 315 mm and dry, cold periods from autumn
through to spring with temperatures often below —20°C. Mean annual temperature is 3.5°C
(Figure 2), and the altitude is 1500m. Animal productivity is often poor, and in some years
mortality rates can be high due to extreme weather conditions.
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Figure 1. The Iocatlon of the case study area in northern China
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Figure 2. Mean monthly temperature and precipitation for Siziwang Banner, Inner Mangoli

Farms in Siziwang are large by Chinese standards, averaging around 500 ha witbethos
for livestock grazing. There is very little crop or forage production, although aneas of
maize (less than 1 ha) can be irrigated from wells. Supplementary feedneabnmixtures
of maize residue and grain, usually purchased from off-farm, however, theresis som
production of meadow hay. Common grazing is the usual practice in Chinesengigssla
however in this area of Siziwang farms have assigned rights (i.e. they havduatii
allocated areas of land), though the fencing is usually not entire nor adequafedivag/ing
stock. The main livestock enterprises are sheep and goats which are grazeat fooarse
wool and cashmere production.
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The soil type is largely sand to sandy loam, and is highly susceptible to wind erosion.
Encroachment of the Gobi Desert through desertification is a particular prwblener
Mongolia, and is attributable mostly to a loss of vegetation through overgrazing.

3. A theoretical biological framework for reducing stocking rate

Jones and Sandland (1974) presented a framework for understanding the relationships
between stocking rate and animal productivity. The authors examined data frorbex wéim
grazing experiments and demonstrated that animal productivity, as measgeed pgr
animal (Figure 3), declined linearly with increasing stocking rate. Prastucti an area basis
was shown to rise with increasing stocking rate, and to then decline as thredesanimal
production exceeded the gain from increasing livestock numbers.

Jones and Sandland defined an optimal stocking rate being the rate that maximised
production per hectare. They were able to show that a quadratic relationship apghed for
gain per hectare, and presented the relationships between gain per #y)iaadl @ain per
hectare Y;) as follows:

Y, =1.999- 0.999x
Y, =1.999x - 0.999%x°

Wherex is the ratio of stocking rate to the optimal stocking rate (Figure 3). From these
equations it is apparent that the linear model predicts that gain per anihebatimum
stocking rate is half that at infinitely low stocking rates. In Chineseslgras systems it is
likely that stocking rates adopted are considerably greater than the optioukingtate
identified in Figure 3. This results in substantially lower rates of arpnaauctivity than
may be obtained with more conservative livestock management. The reseatcndbes
involves understanding the trade-off in increased productivity per animal versiisctae
in the number of animals to identify the quadratic in Figure 3.

The use of the term ‘optimum’ stocking rate by Jones and Sandland is misleadisigngsyit
represents the point of maximum livestock productivity in terms of animal gaheptare
and does to indicate any ‘economic optimum’. In addition, when the effects of long-term
grassland degradation are included, the identification of the ‘economic optimumhsgtocki
rate may be significantly lower than would otherwise be the case in afstatewvork.
Nevertheless, the Jones and Sandland concept is useful as it provides a biological
productivity case for reducing stocking rates.
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Figure 3. The relation between stocking rate and both gain per head and gain per hectare.
Source: Jones and Sandland (1974).

4. Model framework

A bioeconomic modelling system was developed to evaluate alternative lkvestoc
management options in northern China grasslands. This follows the frameworkgutdsent
Pandey and Hardaker (1995) for including the inter-temporal tradeoffs for anabsity
problem.

T

max J= p(x,u,)d" 1)
subject to

Xer1 =X = O(%;, W) 2)
Xo =x(0) 3)

WherelJ is the discounted sum of the performance measure over the planning Aotimon
an index for yearp is a measure of farm performanges the stock of natural resources
(state variables)y is the set of management decisions (control varialdes)he discount
factor, andg is the measure of the change in the stock of the natural resources over time,
which depends on the stock size and the management decisions.

For the sustainable grasslands problem three inter-temporal states obmaidemntified; the
maximum annual biomass of grassland production, the carryover of grassland heabsage m
and the soil depth. The measure of maximum biomass achievable represerassiaadr
condition and is used as the carrying capacity, or asymptote, in a pasture growtnequa
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The level of herbage mass of the grassland is an important determinant of livestock
production and degree of soil erosion. The growth of new herbage mass (daily or monthly) is
a function of the grassland biomass carrying capacity, soil fertilityrendxisting biomass.
Hence, the carryover of herbage mass is important to derive the startiagoratuonthly

growth rate. The soil depth variable is used to account for the cumulative effsotk

erosion upon soil fertility, and consequently on pasture growth. This is a dynamic
relationship as soil erosion is directly influenced by herbage mass altmgedather

conditions and the soil properties.

The main decisions governing sustainable grassland resource use involve choictozklive
enterprise, the stocking rate and supplementary feeding strategy. Thévestock

enterprise in the Siziwang study area is Mongolian fat tail sheep, whiehspezialised

mutton sheep breed. Merino sheep and goats are also produced in Siziwang Banner, however,
there are few sustainability advantages in changing the livestock syabesequently, in

this study the two key decisions varied are stocking rate (defined in tebrseding ewes

per hectare) and the level of supplementary feeding (defined in terms of kikgfa
supplement fed per animal per day). Pen feeding is another management straegyeo r
stress on the grassland, whereby livestock are kept indoors and fed solely on supplement
during winter and early spring. This allows greater herbage mass to be mdiotaitne
grassland thereby reducing the potential for soil erosion and resulting in Ipgingrasture
growth rates. The potential effect of pen feeding can be simulated bysingcy &ae

supplement feeding ration over these months and thereby satisfying livestapk eeeds so
that no grassland resource is utilised.

A monthly time step is used to calculate pasture growth, livestock energy deipastdse
intakes, and changes in animal body weights. Livestock productivity in terms of adyit she
body weights and lamb weight gain is a function of the quantity and quality of Ssdaych
resource.

4.1 States

Grassland condition

A grassland conditionQC) state variable is defined to represent the change to grassland
guality over time. This variable is the maximum herbage mass that can begutedtiin a
growing season and is used as the asymptote in a pasture growth equation. Itatiys dire
determines the rate of growth and herbage mass that can be achieved freasdlaadyr The
change in grassland conditionGC) is a function of its intrinsic growth and the harvest of
the grassland conditiom] through the intensity of grazing by livestock. Consequently, this
state can be represented by a resource-harvest model (Clark 1990).

GC,, =GC, +DGC, - H, (4)

Soil depth

The level of solil fertility is likely to influence the rate of changehia tondition of the
grassland as well as the growth of herbage mass. Soil fertility is adiumétsoil depth,

which itself is a function of soil loss as a result of wind erosion. The soil dephvatéble
(SD) is derived from Equation (5). We do not account for any increase in soil stock in this
model.
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SD., =Sh - bsh ()

Grassland herbage mass carryover
The grassland herbage mass carryoMél)(variable is simply the final grassland biomass
mass B) derived for the final month of the previous year and is given by:

HC, =B, 4219 (6)

This variable is used in the calculation of the initial pasture growth rdtasapart of a
vegetative cover variable in the wind erosion equation.

4.2 Decisions

There are two key decisions; the stocking r&f® 6f sheep on the grassland over the
summer months (breeding ewes/ha), and the level of supplementary fedgita ddult

sheep and lambs in each month (kg/head/day). Stocking rate is varied from 0 to 1 ewe/ha,
while supplementary feeding in a grazing system is restricted to sfasidarct practices of
around 1 kg/day in the winter months.

Two grazing management strategies are evaluated; continuous stockingiaatigeazing.

For the first strategy the stocking rate is fixed regardless of grassbndition for the
simulation period at rates of 0, 0.25, 0.75 and 1.00 ewes/ha. Under tactical grazing
management the stocking rate is varied according to grassland condition aroundd def
threshold GT). Below this threshold a conservative stocking rate is adopted, and above this
threshold more intensive utilisation of the grassland by livestock can occuolbvarig

tactical grazing options were evaluated by the model, where the fiessheter is the

stocking rate belowsT and the second parameter is the stocking rate abdyv@.00:0.25,
0.00:0.50, 0.25:0.50, 0.25:0.75, and 0.50:0.75.

An option to reduce grazing pressure on the grassland in winter months is to pen feé&d anima
on supplements only, with no access to the grassland. This can have two potential outcomes;
first, by maintaining greater herbage mass through winter the proptsitind erosion in

spring is reduced and, second, the combination of a higher quality ration and the reduction in
cold stress from winter grazing can improve animal productivity. This produag&itycan

be expressed as higher ewe body weights and accompanying fecundity.

4.3 Profit function

The profit function in the model represents the net farm incoinfedm the livestock
activities, being the difference between livestock incovednd livestock costsX().

Y. = Lericebsowobweicht + Eprice Esoro ¥ WericeWsoLo (7)
C, =E, TEWES+L, TLAMBS+ S.,s TSUPP (8)
p=Y -C. 9)

WhereLpgiceis the price of lambs (¥/kglsoLpis the number of lambs soldygicuris the
liveweight of lambs (kg/headfEpriceis the ewe sale price (¥/heaB}o pis the number of
ewes soldWericeis wool price (¥/kg)WsoLpis amount of wool sold (kgEyc is the variable
cost per ewe (¥/head)EWESSs the total number of ewes on hahg is the variable cost of
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lambs (¥/head)ILAMBSiIs the total number of lambSgostis the cost of supplementary
feed (¥/kg), and SUPPIs the total amount of supplement fed for the year (kg).

The study assumes that a farmer aims to maximise the present valeofiMiet farm
income over the planning horizoh)(

Top
NPV = @b (10)

Where is the discount rate.

4.4 Biophysical model

A number of biological factors are required to bhéualated so as to measure the transitions
in the biological states and to estimate the prodagarameters for the profit function. The
biological model that derives these parametersve ceescribed. The main components of the
biological model are a livestock sub-model, a deambproduction sub-model and a soil sub-
model. A monthly time step is used for the biolagjimodel.

Livestock sub-model
The number of ewes is a function of the stockirtg decision, the farm areAREA and the
number of replacement ewes kept on hd&RERL).

EWES = AREASR (11)
REPL, = EWES(RF + MORT) (12)
TEWES = EWES + REPL (13)

WhereMORTis the mortality rate of adult sheep and Rteis the replacement factor, being
the proportion of the ewe flock sold as aged sh&kp.number of lambs sold is largely
determined by the weaning ra¥Hsrg, which is influenced by the ewe body conditi®&c].

W, =- 089+ 37BC- 18BC? (14)
SRW
Leoro = EWESW,, . - REPL (16)

WhereSRWis the standard reference weight (kg) of adulephe a specific breed type. The
supplementary feed decision on a monthly basih@agl/day) applies separately to ewes
(Sewp and lambs$ amp). The total supplement fed is:

12
TSUPP= 3O(SEWEi XTEWESF S g XTLAMBQ (17)

i=1

The amount of wool sold/NsoLp) is a function of wool cut per head/ur) and the number
of sheep shorn. A simple polynomial equation iguseestimaté\-yr as a function of ewe

liveweight (LW).
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W,y =122- 12LW + 004LW? - 0.0004LW* (18)

The weight of animals (ewes and lambs) is calcdlatea monthly basis, being a function of
the previous month weight and change in livewe{gh¥G). If intake of metabolisable
energy is greater than energy needs then weightig@iositive, while if energy intake is less
than maintenance energy needs animals lose weasghtergy demand is met from body
reserves (i.e. tissue or fat). The calculationivaeight gain or loss follows that of CSIRO
(2007).

LWG=30—R (19)
0.92EVC
EVG=67+R+ 203- R (20)
1+exy- 6(BC- 04)
R= E -2 (21)
ME,,
ER=0.043MD(MEI - ME,) (22)
DMI
MEI = ME,DMI , + ME,DMI (24)
DMI =DMI , +DMI (25)

WhereERis energy retained by animal as body tissue (HVX;is the energy content of
empty weight gain (MJ/kg EBGR is an adjustment for weight gain or 0B is body
condition,MEI is the intake of metabolisable energy (MJ ME/helt;, is the maintenance
energy demand of the animal (MJ ME/head[ is the average metabolisable energy of
animal intake (MJ ME/kg)PMI is total dry matter intake (kg/hea@Mlq is dry matter
intake of grassland (kg/headMI; is dry matter intake of supplement (kg/headdlg, is the
metabolisable energy level of grassland (MJ ME/kgd, ME; is metabolisable energy of
supplement (MJ ME/kg). Maintenance energy demandrigetefrom CSIRO (2007, p19).

075 _
_ 026LW " exp- 003A) | oovei v vE 4 E

m graze cold
Ko

ME

(26)

WhereA is animal age (months§y is efficiency of energy utilisatiomMEgazcis additional
energy required for grazing, aig,q is additional energy required for cold stress. @arad

to Australian grazing systems, the additional epeeguired for grazing and cold stress can
be significant in northern China because of théadse sheep are herded combined with low
biomass levels and the low winter temperaturesmexpeed. Further detail of the calculation
of MEgrazeaNdEcqiq is given in CSIRO (2007).

The maximum potential intake of a grazing shdgp)(is a function of its potential demand
for energy and its physical capacity for feed ietak

... = 004SRWXZ(1.7 - Z)>CF (27)
CF = RC(15- RC) 28)
0.5
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SRW
Z =min 30
SRV (30)
N = SRW- (09SRWexpl- 047xAxSRW %) (31)

WhereZ is the relative sizeCF is condition factorRCis relative conditionN is normal
weight, andSRWandA are standard reference weight and age of the Arlimamatter
intake OMI) is calculated as a function kfax and the relative intakdR(), expressed as a
value between 0 and 1.

DMI =1, <RI (32)

A full description of the approach for calculatiRgis given by CSIRO (2007, p213-220),
and is not repeated here due to the complexithe@ttuations involved. However, it is
important to note here that the impacts of seleagrazing are accounted for in the
calculation of relative intake. This is achievedabpcating pasture biomass across 6
digestibility pools, and estimating the consumptdiiomass across these pools.

Grassland sub-model

The quantity and quality of the herbage mass ofjthssland are important factors for
livestock production, and thus financial returneeTgrowth of pasture biomass in each
month ( B) is based on a sigmoid pasture growth curve prgpby Cacho (1993).

B..=B +DB - LC (33)
) ] g
DB, =Gl xFl, xa B CCoH, - B (34)
GC, I, B,
LC, =TEWES E,;; +TLAMBS' L, (35)

WhereLC is total consumption of grassland by livestocknonthi (kg), Fl is the fertility
index,Gl is a growth index (Fitzpatrick and Nix 1975)and are parameters of the sigmoid
equation, andEnt andL iyt are the grassland intakes by ewes and lambs aedd&om

above. The parameter values faand were estimated by fitting the equation to grasslan
data collected in Siziwang Banner.

A logistic equation is used to estimate the intarggowth of the grassland condition state
variable GC).

DGC, = 7 1, 5GC, 1- — %t
G,

max t

(36)

Where is the intrinsic growth parameter akds the carrying capacity or asymptote on
maximum grassland biomass.

The following exponential equation was used to wate the harvest of grassland condition
as a function of stocking rat8R), where is a shape parameter in the exponential function.

10
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H, =5 SR,/GC, (37)

Soil sub-model
The change in soil depth §D) is a function of the amount of soil erosion:

Et

DSD, =
° SW

(38)

Where SDis the loss in soil depth (cn8,is total soil erosion (t/ha) arg&Wis the soil
weight (g/cr), calculated as follows:

SW=100BD (39)

WhereBD is the soil bulk density (g/cth The fertility index variable is represented by a
simple exponential function which was parameterimedhe basis of expert opinion.

Fl, =e ' (40)

WhereSLis the cumulative soil loss (cm) from an initigpdh of 1 metre and is a shape
parameter. Wind erosion is the main cause of esd In Siziwang Banner, consequently the
Wind Erosion Equation (WEQ) model (Woodruff and@wdiay 1965) is used here. There
are various descriptions of the WEQ (Lal 1990; 8lode 1988) and the basic equation is:

E=f(I,K,C,LV) (41)

Wheref indicates relationships are not straight-line reathtical calculations,is the soil
erodibility index,K is the soil roughness fact@,is the climate factot, is the unsheltered
distance, an¥ is vegetative cover factor. Théactor is expressed as the average annual soil
loss per year and accounts for the inherent sopgaties that affect erodibility. These
properties include texture, organic matter, andigal carbonate percentage. TiHactor is

the potential wind erosion for an isolated, unsret, wide, bare, smooth, level, loose, and
non-crusted soil surface. TKefactor is a measure of the effect of ridges anddihess

made by tillage and planting implements. In theegafsa grassland system a valu&efl is
adopted. Th& factor for any locality characterises climaticswity, specifically windspeed
and surface soil moisture. Theactor considers the unprotected distance aloag th
prevailing erosive wind direction across the acebd evaluated and the preponderance of the
prevailing erosive winds. Thé factor considers the kind, amount and orientatibn

vegetation on the surface. The vegetation covexpsessed in kilograms per hectare of a flat
small-grain residue equivalent.

The values of, K andL can be obtained from tables (USDA 2002) and phbtssources
such as Hu et al (1995) fogrwhereas values f& andV are more complex in their
calculation. The climate factor is expressed as:

3

C=3448—"_
PE

(42)

11
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Wherev is average wind velocity arRE is a precipitation-effectiveness index. The annual
PE index is the sum of the 12 monthly precipitatinodaxes, expressed as follows:

10

12 P 9
i=1 -

WhereP is average monthly precipitation (in) afids average monthly temperaturg)( In
deriving the vegetation cover factor the small geguivalent$G) is defined as a 10 inch
long stalks of small grain, parallel to the winging flat in rows spaced 10 inches apatrt,
perpendicular to the wind. Various crops have hested and the8G equivalents have
been calculated (USDA 2002). For a grassland sy#teralculation 056G andV are as
expressed as follows:

1673685
SG=""11 44
G 100( (44)
Vv =1- SGe (45)
SGet exp048- 132xSGg
5. Data

Data for parameterising the model was obtained faaange of sources including published
information, field data and expert opinion. In tase of the intrinsic growth rate for the
grassland condition state and the sigmoid growtkiecparameters, experimental data was
obtained from which parameters could be statidyiedtimated. For instance, Figure 4a
illustrates the estimated logistic curve for grasdl condition from a 20-year livestock
exclosure experiment (Prof. Lieu, personal commatioa) in Inner Mongolia.

In the case of the sigmoid pasture growth equatamameters, experimental data of monthly
pasture growth for Siziwang Banner was obtained@iwith climate data so as to derive a
monthly growth index@l). Estimated values forand were then derived and the resulting
fitted curve is plotted against actual data in Fegd(b).

A number of functional relationships between vasibiological parameters and either

grassland condition or livestock condition wereivisd from an expert consensus approach.
A graphical representation of these functions fmious parameters is given in Figure 5.

12



The on-farm impact of grazing management optiorimfirove sustainability in western Chinese grasidan

(a) Grassland condition state

2500 - . A'ctual
— Fitted
© 2000 -
<
=
[a)
2 1500
]
[%2]
©
§ 1000
2
©
=2
£ 500 -
<
0 T T T T T T . .
0 5 10 15 20 25 30 35 40
Year

(b) Sigmoid pasture growth curve

1400 -

1200

1000 -

800

600 +

Growth (kg/ha/month)

400

200 4

04
Apr

¢ Actual
— Fitted

Jun Aug Oct Dec Feb
Month

Figure 4. (a) Fitted logistic growth curve J to actual data () of grassland condition
response to livestock exclosure (Source: Prof. lnmer Mongolia Agricultural University);
(b) fitted sigmoid growth curve to Inner Mongoliagture growth data
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Table 1.Data used in the model

Parameter Unit Value Description
- 0.05 Discount rate
Eprice ¥/hd 200 Ewe price
Lpgrice ¥/kg 10 Lamb price (live weight basis)
Werice ¥/kg 6 Wool price
Evc ¥/hd 2.00 Ewe variable cost
Lve ¥/hd 1.00 Lamb variable cost
ScosT ¥/kg 0.5 Supplement cost
T years 50 Simulation period
A months 24 Ewe age
SRW kg 50 Standard reference weight
Wace months 3 Lamb weaning age
SacE months 8 Lamb sale age
Som % 75 Digestibility of supplement
MORT - 0.02 Adult mortality rate
RF - 0.20 Flock replacement factor
AREA ha 200 Farm area
- 0.162 Intrinsic growth rate of grassland conditiogistic equation
Gnax kg/ha 3000 Carrying capacity of grassland conditimistic equation
- 5.3 Exponential grassland harvest parameter
GT kg/ha 1500 Grassland threshold
- 0.035 Fertility index exponential parameter
BD glent 1.3 Soil bulk density
I ton/ac 193 Soil erodibility index
K - 1 Soil roughness factor
L - 1 Unsheltered distance
6. Results

6.1 Biological simulation results

The model was solved for each continuous and &amzing decision option for initial
grassland condition values of 500, 1000, 1500, 20@D2500 kg/ha. This gave an extremely
large set of results to potentially report on. #ar sake of brevity in exposition, only a small
set of these results is reported here.

Four of the key biological outcomes of the model given in Figure 6 for the case of an
initial grassland condition of 1000 kg/ha and atoarous stocking rate of 0.50 ewes/ha. This
stocking rate decision was used as it does noltriesa significant divergence of the
grassland condition from the initial value over gmulation period. In this figure a number
of percentiles (20, 50", 80") are presented for the monthly pasture growthvédrfrom the
sigmoid growth equation, the resulting herbage measd monthly weights of ewes and
lambs up to the month of sal&\&e).

The pasture growth curves derived by the modelfi€iga) show the short growing season
experienced in this part of China. There is sigaffit variability in monthly pasture growth,
for example the maximum growth indicated by th& pércentile was 100 kg/ha whereas for
the 80" percentile maximum growth reached 600 kg/ha ig.Jtere is concern regarding
the representativeness of the model estimates ofiityogrowth due to a lack of quality field
data to help parameterise the growth equation icteits and to validate model outputs.
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(a) Pasture growth (b) Herbage mass
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Figure 6. Model simulation results for (a) monthly pasturewh, (b) herbage mass, (c) ewe
weights, and (d) lamb sale weight for the casera$gland condition of 1000 kg/ha and a
stocking rate of 0.50 ewes/ha

The herbage mass results (Figure 6b) illustratettigagrassland biomass increases from
extremely low levels in spring, reaching a maximuanseptember and then declines to low
values over winter. This is consistent with expemtal results and anecdotal evidence.

In this scenario ewe body weights increased owvestimmer months when pasture mass and
guality were highest, and then declined over autanthwinter (Figure 6c). There was little
difference in the monthly ewe weights between e @hd 88 percentiles. The estimate of
monthly lamb weights (Figure 6d) showed a rangeaines from 18 to 25 kg at the month of
sale. This result is consistent with the expeatatiof local livestock specialists and farmers.
Introducing supplementary feeding into the decisimuld likely result in an increase in

lamb weights.

The impact of different initial grassland conditiand stocking rate options are given in
Figure 7 for the 50 percentile (i.e. the median) only. Increasingittigal grassland

condition from 1000 to 2000 kg/ha has the anti@gagffect of increasing both growth rate
and herbage mass. However, it is interesting te ti@t increasing the stocking rate from
0.50 to 0.75 ewes/ha has a greater (negative) inupan pasture growth than the initial
grassland condition. Both pasture growth and hexlmagss for the scenarios involving a 0.75
ewe/ha stocking rate (20G€:0.755Rand 100GC:0.755R were considerably lower than

the scenarios with a 0.50 ewe/ha stocking rateh Bainthly ewe and lamb weights were
also considerably lower for the higher stocking retenarios. This model result is consistent
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with the assertion of Jones and Sandland (1974 pthimal productivity declines with
increasing stocking rate.

Although the model outcomes appear plausible baped local researchers experiences and
expectations, more effort is required to develaggatgr confidence in the data inputs and
model outcomes. In particular, we have concernardgg the representation of grassland
pasture growth (Figure 7a) given the poor data ftleisiregion on grassland growth. This
problem is due to a combination of few experimestatlies on seasonal growth, and the

poor design or conduct of those studies that halleated grassland growth data. An
alternative approach may be to parameterise a @rapsive pasture growth model, such as
GrassGro (Moore et al. 1997), to estimate growthtarbage mass under a range of seasonal
conditions and to then estimate the sigmoid pararsetand from this data.

(a) Pasture growth (b) Herbage mass
600 - 1600 —e— 1000GC; 0.50SR
1400 4 —=&— 1000GC; 0.75SR
1200 1 —&— 2000GC; 0.50SR
1000 1 —8— 2000GC; 0.75SR

—¢— 1000GC; 0.50SR 800 -
—&— 1000GC; 0.75SR 600 -
—— 2000GC; 0.50SR 400 A
—&— 2000GC; 0.75SR 200

500 A

400 A

300 A
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200 4

100 4
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50 20 ~

__ s =
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15 A
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Figure 7. Median model results for (a) monthly pasture growWih herbage mass, (c) initial
weight and (d) lamb sale weight for various grassleondition and stocking rate conditions

6.2 Economic simulation results

The NPV from each continuous grazing and initi@sgtand condition scenario are reported
in Table 2. For the lowe€&C, value (500 kg/ha) a stocking rate of 0.25 ewes/as

preferred (NPV $56079) to the other continuouslgtarrate options. For initial grassland
condition scenarios of 1000 and 1500 kg/ha the dm#inuous grazing option was 0.50
ewes/ha, whereas at the higher initial grasslandition states a continuous stocking rate of
0.75 ewes/ha was preferred on the basis of NPV.
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Table 2.Net present value results for continuous grazirdytantical grazing options (¥)

GG, 500 GG, 1000 GG, 1500 GG, 2000 GG, 2500
Continuous
grazing
0.25 ewes/ha 56,079 87,571 100,891 106,958 109,001
0.50 ewes/ha 11,898 127,628 169,734 190,079 189,24
0.75 ewes/ha -83,252 41,443 138,270 192,001 239,85
1.00 ewes/ha -137,702 -43,477 51,763 120,219 £62,9
Tactical grazing
0.00:0.25 55,882 79,126 100,891 106,958 109,001
0.00:050 | 90,697 | 132,273 | 168,318 189,661 198,367
0.25:0.50 73,649 129,861 169,062 189,422 198,808
0.25:0.75 74,510 127,806 | 175,892 | 211,517 227,287
0.50:0.75 11,898 127,628 174,078 210,247 231,610

The results of the tactical grazing options are aported in Table 2, with the option
(continuous or tactical grazing) that gave the agiiNPV being outlined. For all initial
grassland conditions a tactical grazing option gheehighest NPV; 0.00:0.50 f&C, 500
andGGC, 1000, 0.25:0.75 fo6Cy 1500 andsC, 2000, and 0.50:0.75 faC, 2500.

A range of biological outcomes from following theseision rules over the simulation

period are derived by the model for each initi@sgtand condition state. Presented in Table
3 is the average annual soil loss from wind erosier the simulation period for each of the
continuous grazing options and the best of thec&agrazing decisions for that condition
state. This clearly shows that as the initial deas$ condition increases there is a consequent
reduction in soil loss. However, more significanthe effect of increasing stocking rate
regardless of the initial grassland condition,deample in the case &C, 1000 soil loss

rises from 9.7 t/ha at 0.25 ewes/ha to 47.4 t/HaGft ewes/ha. Even in the cas&xdl, 2500
large rates of annual soil loss (36.0 t/ha) campatthe highest stocking rate.

Adoption of tactical grazing also has the potertbaleduce soil loss (Table 3), as higher
biomass values are achieved by this strategy.i$hmlicated by the temporal change in
grassland condition for a number of grazing stiate{figure 8a). If livestock were to be
completely excluded then grassland condition wantdease (from an initial state of 1000
kg/ha) to an asymptote of almost 2800 kg/ha wigttliryears. However, utilisation of
grassland ameliorates any improvement in grasstandition (stocking rates of 0.25 and
0.50 ewes/ha), and for stocking rates greater @M ewes/ha the grassland degrades
further. The tactical grazing strategy resultsnnrecrease in grassland condition through the
adoption of grazing rest, and condition is thenntaaned at around 1500 kg/ha.

Table 3.Average soil loss over the simulation period (yeaf)

GG,500 GG, 1000 GG 1500 GG,2000 GG 2500
Continuous
grazing
0.25 ewes/ha 11.4 9.7 9.4 9.3 9.3
0.50 ewes/ha 28.2 11.5 10.4 10.1 10.0
0.75 ewes/ha 51.0 36.5 26.0 21.1 18.9
1.00 ewes/ha 53.6 47.4 41.7 38.2 36.0
Tactical 11.2 10.4 10.6 10.5 10.6

Tactical is the best tactical grazing option for E&ate.
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(a) Grassland condition (b) Soil depth
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Figure 8. The temporal impact of alternative continuous tauatical grazing decisions on (a)
grassland condition, (b) soil depth and (c) satiility index for the case 06C, of 1000
kg/ha

The impacts upon soil depth and the soil fertilitgex over the simulation period are
illustrated in Figure 8b,c. This shows that athighest stocking rates substantial degradation
of the soil resource is likely to occur. In thiseastudy there is still some level of soll
degradation at the most conservative stocking aessregardless of the initial grassland
condition. This outcome is due to the high erodipihdex of Siziwang soils and the low
herbage mass values during periods of peak wingla@ran April and May (Figure 7b). In
addition to the modelling of pasture growth therespntation of soil erosion from the model
requires further investigation and validation.

7. Discussion

This paper presented a bioeconomic modelling fraonkeweveloped as part of an ACIAR
funded project “Sustainable development of grasisdan western China: ACIAR
LPS/2001/094” to assess the impact upon grasslaraiternative livestock management
strategies. In addition to adopting a sustainghibdelling framework, the analysis
incorporates the Jones and Sandland (1974) conteépninishing animal productivity as
stocking rate increases. Important production patars such as lamb weaning rates, lamb
weaning weight and wool cut are all a function weebody weight or body condition. Ewe
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weight and condition is directly a function of theantity and quality of pasture. High
stocking rates impact upon pasture quality whi@ntdirectly influences animal productivity.

The study adopted a simulation modelling framewing 52-years of weather data for
Siziwang Banner in Inner Mongolia Autonomous Regibime key biological states tracked
over time were the grassland condition, soil deyith the quantity of herbage mass carried
over to the following year. The key livestock maeaugnt decisions were the stocking rate,
represented in terms of breeding ewes/ha, anctlet df supplementary feeding. Two stock
management options were considered, a standarshgons stocking rate system and a
system based upon tactical grazing managemerttellatter system, stocking rate varied
depending upon the grassland condition around-a@giieed threshold.

The model was simulated for a number of initialsgtand condition states, ranging from a
maximum annual biomass production of 500 kg/hab@02kg/ha, for each continuous and
tactical stocking rate option. The highest econamiarns measured over the simulation
period were associated with a tactical grazingsdeifor each initial grassland condition.
Tactical grazing also resulted in higher herbages@ad lower soil erosion rates than
continuous stocking at the higher rates.

There are a number of limitations of this analyiset will require future attention. First, there
are considerable concerns over the quality of sointiee input data. In particular, there is
insufficient experimental data on pasture growtesavith which to parameterise the sigmoid
pasture growth curve used here. This problem maybecome by utilising a more complex
pasture growth model and applying it to this regidawever, the problem of model
validation will remain to some extent. Second, @lifph this model includes the effect of
variable seasonal conditions it is not truly a kastic model. The next step will be to revise
the model so that it can be solved as a monte-sarialation. Third, the model does not
provide optimal decisions. One option may be toettgy the framework using concepts of
stochastic dynamic programming. Finally, therearange of management and policy
options for grassland management that may be iadlutihese include the imposition of
grazing bans, introduction of caps on stockings;aa@d pen feeding to reduce grazing
pressure on the grassland.
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